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(54) Dihydropyridine NPY antagonists: piperidine derivatives 

(5*7; A series of non peptidergic antagonists of NPY have been synthesized and are comprised of piperidine and 
tet'ahydroDyridine aeiivatives of 4-phenyl-1.4-dihydropyridines of Formula I. 
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As antagonists of NPY-tnduced feeding behavior, these compounds are expected to act as effective anorexiant agents 
in promoting weight loss and treating eating disorders. 
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Description 

The present invention concerns heterocyclic carbon compounds comprising 4-phenyl-1.4-dihydropyridines with a 
piperidinyl* or tetrahydropyridinyl-coritaining mo\e\y attached to the 3-position of the 4-phenyl ring. These compounds 
ad as NPY antagonists ^ - 

A substantial body ot art has accumulated over the past two decades with respect to 4-aryM,4-dihydropyridtne 
cornpounds.^A large number of these possess calcium antagonist properties and find utility in the treatment of cardio- 
vascular diseases. Several 4-aryl-1 .4-dihydropyridines with piperidine-ring-containing-substituents have been reported. 

A series of compounds of formula (1) was claimed to be 




(1) 



useful as vasodilators, antihypertensives and diuretics in U.S. 4,707,486. 

A series of dihydropyridines. including compounds of fbrmuia (2). were disclosed and claimed to have antitumor 
pfcmoiing 



10 R'OjC, 
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(2) 



activity in European Patent Application 533,504. 

European Patent Application 534.520 discloses related compounds having formula (3) wherein is atkyl. phenyl 
and aralkyi 

Ar 
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A compound of formula i4) has been disclosed in JO 4049-237* A and claimed to be an inhibitor of Phospholipase 
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Of less significance is' a series of antihypertensive dihydropyiridine anilide derivatives disclosed in U.S. 4,829.076 
and containing compounds of formula (5) ' 



in which B IS a chemical bond or an aikylene group. 

These reference compounds are readily distinguished structurally from the compounds of the instant invention by 
virtue of many of the art compounds having the piperidine substltuents attached to the dihydropyridine ring itself as vi/ell 
as by the nature of most of the linking functional groups, e.g. oxyalkylenyl and carboxylate groups. In contrast, com- 
pounds of the instant invention contain an alkylenylpiperidine moiety attached to the 3-position of the 4-phenyl ring by 
means of an anilide. urethane or urea connection. Not only are the present compounds structurally novel, they also 
have been discovered to possess novel NPY antagonist activity while having greatly reduced calcium antagonist prop- 
er'ies 

Ir summary, the prior art does not disclose nor suggest the unique combination of structural fragments which 
embixly these novel dihydropyridine derivatives as having good antagonist activity at NPY receptor sites and 
reduced cardiovascular effects. 

Neuropeptide Y (NPY) is a 36 amino acid peptide first isolated in 1982 from porcine brain. ^ The peptide is a mem- 
bet of a larger peptide lamily which also includes peptide YY (PYY). pancreatic peptide (PP). and the non-mammalian 
fish pancreatic peptide Y (PY). Neuropeptide Y is very highly conserved in a variety of animal, reptile and fish species. 
It is found in many central and peripheral sympathetic neurons and is the most abundant peptide obsen/ed in the mam- 
malian brain. In the bra.n. NPY is found most abundantly in limt)ic regions. The peptide has been found to elicit a 
number of physiological responses including appetite stimulation, anxiolysis. hypertension, and the regulation of coro- 
nary tone. 

Structure-activity studies with a variety of peptide analogs (fragments, alanine replacements, point mutations, and 
internal deletion/cydizea derivatives) suggest a number of receptor subtypes exist for NPY.^^ These currently include 
the v.. Y, .^^ . Yj. V.J. and the Y^ subtypes. 

Although speofc peptidic antagonists have been identified for most of the subtypes, few selective non-peptidic 
antagonists have been reported to date. Several competitive but non -selective, non-peptidic antagonists are known, 
however (Chart l). The heterocyclic guanidine derivative He 90481 (4) was found to be a weak but competitive antag- 
onist oi NPy-induceri Ca** entry in HEL cells (pA2=4.43).^ The compound was also found to have a2-adrenergic and 
hissaminergic activity at this dose range. D-Myo-inositoM.2.6-triphosphate (5) was reported to be a potent but non- 
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competitive antagonist to NPY-induced contractions In guinea pig basilar artery.* Similarly, the benextramrne-like bis- 
guanidines 6a and 6b were reported to displace ^H-NPY in rat brain (ICso. 19 and 18.4 jiM) and to display functional 
antagonism in rat femoral artery.^ The bisguanidine 6b was shown to be functionally selective tor the Y2 receptor since 
it antagonized the effect of the NPY^ agonist NPYi3.36 but had no effect on the vasoconstrictive activity of the NPY, 
agonist (Leu^\Pro^*)NPY^ 

Dipeptide-liKe sullonamidoyl amidine derivatives of formula (7) 




(7) 

have been disclosed as selective NPY Y, antagonists. See: French Patent 9.301.686; Serradeil-LeGal. etal.. Society 
for Neuroscience. 1994. abstract no. 376. 14. 

A guanidine derivative of formula (8) having NPY Y^ selective receptor antagonist activity was 

H 

/ 



H-N H 




disclosed by Rudotf. etal. . Eur J. Pharmacoloov. 1994. 271. R1 M3. 

in sum. the compounds of this invention may be distinguished over compounds of the prior art on the basis of 
molecular structure and biologic activity. There is nothing in the prior art that anticipates or suggests the novel NPY 
antagonists of the present invention. 

The present invention comprises the compounds of Formula I. 
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H 



(I) 

the*> pharmaceutically acceptable acid addition salts and/or their hydrates thereof, in the foregoing structural formula, 
the symbols R^-R^. B and 2 have the following meanings. 

R^ is lower alkyi: methyl being preferred. 

and R- are independently selected from cyano and lower alkyI, with methyl being preferred. 

R^ is selected from •C02R\ cyano and 




f^r. can be hydrogen halogen, hydroxy, lower alkyl. lower alkoxy. and lower alkenyloxy such as allyloxy. 
B.isNH. NR.*, O. or a chemical bond. = .-^•i..-. • k- - ;) "i. ' 

The symbol n ,s an integer from 2 to 5 with 3 being preferred. 

Finally. 2 IS" • • * • ■■■ : v..,- -i. ■■■ 




or a quaternary ptpendinium salt or quaternary 1.2.3.6-tetrahydropyridinium salt, wherein the quaternary piperidinium 
saltis • " 




and the quaternary tetrahydropyridinium salt is 
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with X*^ being chloride, bromide, or iodide: 
R" IS hydrogen, hydroxy or cyano; and 
R *''S C2.?cycloalkyi 




anc 

with m being zeio or an integer from 1 1o 4; and 

and being independently iselected from hydrogen, lower alkyl. C3.7 cycloalkyi, lower alkoxy, lower alkeny- 
loxy. lower alkynyloxy. hydroxy, phenyl, phenoxy. NHg, NHCOR\ C02R\ NO2 and Irifluoromethyl. 

The term "lower** indicates that the alkyl. alKoxy, alkenyloxy or alkynyloxy group contains from one to four carton 
atoms. Preferred compounds of. the instant invention are Formula I compounds wherein R^ and R^ are methyl; R^ is - 
CC^Me; is hydrogen; B is NH; and R^ is an aromatic ring-containing moiety. Most prefen-ed compounds are those 
wherein R^ is selected from substituted phenyl, particularly with alkoxy substituents and cyclohexyl. 

The compounds o1 the present invention can exist as optical isomers and both the racemic mixtures of these iso- 
meis as well as the individual optical isomers themselves are within the scope of the present invention. The racemic 
mixtures can be separated into their individual isomers through well known techniques such as the separation of the 
diastereomenc salts formed with optically active acids, followed by conversion back lo the optically active bases. 

As indicated, the present invention also pertains to the pharmaceutically acceptable non-toxic salts of these basic 
compounds. Such salts include those derived from organic and inorganic acids such as. without limitation, hydrochloric 
acid, hydrobromic acid, phosphoric acid, sulfuric acid. methanesuHonic acid, acetic acid, dichloroacetic add tartaric 
acid, lactic acid., succinic ackj, citric acid, mateic acid, fumaric acid, sortsic acid, aconitic acid, salicylic acid, phthalic 
acid enanthic acid, ami the like. • 

The Formula I compounds can also be quaternized by standard techniques to yield quaternary piperidinium or tet- 
ranydpyndinium salt products of Formula I. Quaternization would be expected to maximize the peripheral effects of For- 
musa i compounds and minimize brain penetration. 

The compounds ol the present invention may be produced by the following processes which employ variations of 
the Hantzsch synthetic reaction applied to the appropriate starting materials. General processes for preparing Formula 
I cc-mpounds are outlined m Schemes 1 and 2. The symbols R^-R^ B. n and 2 are as previously defined, and X is 
chkjro. bromo or lodo. The dihydropyridine intermediate (V) can be prepared by the reaction of S nitrobenzaldehyde and 
the requisite acetoacetates. such as compound (VI) wherein R^ is e.g. carbethoxy. under standard Hantzsch conden- 
sation xnditions^ (e g ammonium acetate in refluxing isopropanol) if symmetrical intermediates of Fornxila (V) are 
desired. Symmetrical intermediate (V) compounds would have r2=R^ and R'*=-C02RV Unsymmetrical dihydropyrid- 
ines (V) are obtained using modified Hantzsch conditions starting with Knoevenagel adducts (VH)^ and the appropriate 
dicfirbonyl compounds {VI). A number of these dihydropyridines (V) have been described in the literature®. Reduction 
of intei mediate (V) compounds using catalytic reduction, an iron reduction method (Fe/NH4Cl/aq. alcohol'^) or a 
Ni((Mc)2/NaBHfl exchange resin procedure^ provides the amino intermediate (IV). A number of these aniline deriva- 
tives have also been descrbed in the literature^^. In Scheme 1 . Formula I compounds in which B is a covalent bond, 
are synthesized Reaction ot (IV) with a haloacyl halide (VIII) gives compound (III), vkfhich is then treated with H-Z (a 
pip^eridinyl 01 tetrahydropyridinyl compound of formula (X)) to yield the desired Formula I product, with the piperidine 
mo ety linked via an anilide group. A modified route beginning with conrpound (IV) and proceeding via intermediates 
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(XXtl) and (XXt) gives a Formula I product in which n is 4: 

Formula 1 compounds having a urea linkage' are synthesized as in Scheme 2, In process A. reaction of (IV) with a 
haloalKyi isocyanate (IX) gives compound (II) wNch is then reacted with compound (X) to provide the Formula I product. 
In process B« compound (IV) is converted, via the carbamate (XXIV). to the isocyanate intermediate (XXXIV). Subse- 
quent reaction with intermediate (XX). readily produced from compound (X) as shown, yields Formula I: B=NH product. 

Certain intermediates of Formula (V) require modified syntheses arri some of these are exemplified in Scheme 3. 
Synthesis A shows hydrolysis of an acetal derivative (XIII) following a general synthetic route similar to that reported by 
Satoh. ' ' Hydrolysis of the acetal (XIII) was accomplished by add treatment (HCt/acetone). The resutting aldehyde (XII) 
was converted to the oxime derivative via reaction with hydroxylamine in acetic add and then was dehydrated by heat* 
ing in acetic anhydride to produce the cyano-substrtuted intermediate (V). Conversion of such a cyano*substituted 
nitrobenzene compound (V) to the corresponding cyano^ubstituted aniline intermediate (IV) can be accomplished with 
Fe/NH4CI in alcohol ' " ~ " ^ • : • 

Synthesis 8 outlines preparation of oxadiazole substituted intermediates. A dihydropyridine cartx)xylic add starting 
material {XIV) is coupled with acetamidoxime via carbonyldiimidazole (GDI) and then heated at about 200*" to convert 
the intermediary oxime ester to the oxadiazole hitro compound (V): Reduction of (V) to the oxadiazole substituted ani- 
line compound (IV) is carried out using the iron method in order to preclude NO bond deavage seen with hydrogenol- 

ySlS . 

• • Substituted pipendines and tetrahydropyrtdines (X) are commercially available and/or described in the chemical lit* 
erature. A reaction flow diagram (Synthesis A) gives convenient syntheses for H-2 intermediates in Scheme 4. The 4- 
piperidone intermediate (XVI) is treated with an appropriate R^-lithium reagent to provide the hydroxy intermediate 
connpound (XV). This hydroxy intermediate is readily converted into the reaction intermediates (Xa). (Xb) or (Xc). Initial 
dehydration of (XVa) with p-totuenesuifonic acid followed by hydrogenation over Pd(0H)2 (Peariman's catalyst) gives 
the piperidine intermediate (Xa). Addic hydrogenation of (XVa) using palladium on carbon catalyst provides the 4- 
hydroxy intermediate (Xb): Treatment of the t-BOC intermediate (XVb) with trifluoroacetic add yields the tetrahydropy- 
lidine intermediate (Xc) ■':T:vf- t.- ..... ^ •■y. 

Synthesis B of Scheme 4 demonstrates preparation of specific compound (X) intennediates. Preparation of other 
compound (X) products by means of different syntheses would be known to one skilled in organic chemical synthesis. 
Using the method ot Williams^^. aromatic substitution of phenoxide provides Intermediatis {XVII!).which is reacted with 
•1 -benzyM -piperidone tn the presence of n-BuLi to provide the- N-benzyl intermediate (XVa) via metal-halogen 
exchange Debenzylation by hydrogenation affords the desired intermediate (Xb) wherein is 2-phenoxyphenyl. 

Sequence 2 illustrates a series of conversions of compound (X) intermediates. 

For products wherein is other than hydrogen, the reaction sequence begins using the appropriate R^-substi* 
•f- tuted nitrobenzaldehyde except when is hydroxy. In this case, an intermediate (V) compound, wherein R^ is hydroxy. 
<^is 0-allylated by treatment with NaH/allyl bromide to give an intermediate (V) compound wherein R^ is allyloxy. as 
• shown in Scheme 5 Iron reduction provides the aniline intermediate (tV) which is reacted accorcting to a process of 
' Schemes i and 2 to orovide the Formula I compound wherein R^ Is allyloxy Deprotection is achieved using PdCIs in a 
•^■HOAc'NaOAc buffer to yield the R^-OH Formula 1 product,'^' . . . r .r^.^- 

. Brs»c f^ormuta ( products are also convertible into quaternary salts using standard amine quaternization' tech- 
niQues. e.g. alkylation of the piperidine or tetrahydropyrkjine moiety with an alkyl halide (see: Scheme 6). 

Additional reaction intermediates and Formula I products can be prepared by appropriate modification of the fore- 
going synthetic schemes and procedures. Such modifications would be obvious to practitioners skilled in the chemical 
art. Additional examples and experimental procedures are provided infra . 

The compounds ot this invention demonstrate binding affinity at NPY receptors. This pharmacologic activity is 
assayea m SK-N-iS/lC (human neuroblastoma) cell membranes using iodine- 125-labeled l-PYY as a radioligand. The 
compounds of this invention had good binding affinities as evidenced by ICsg values being about 10 or less at NPY 
Y, receptors. Preferred compounds have ICsq values less than 100 nM and most preferred compounds have IC50 val- 
ues of less than 10 nM. Although as a class, these types of dihydropyridines have significant affinity for ai-adrenergic 
receptors and/or Ca~* channels, the compounds of this invention possess much weaker affinities for adrenergic 
receptors and Ca*' channels. As such, these corrpounds act as selective NPY antagonists at NPY Y, receptor sites. 
There is eviderKe that NPY contributes to certain symptoms in these disorders: hypertension, eating disorders, and 
depression/anxiety.'^ as well as circadian rhythms. Compounds of this invention are expected to be useful in treating 
these disorders as well as steep disturbance and diabetes. • - . ■ 

Selected compounds are tested further for their ability to btock fslPY-induced feeding in test animals by intraperito- 
neal Hdmin'istratbn to the animal prior to inducing feeding behavior with NPY Taken together, these tests indicate that 
the compounds of this invention would be useful anorexiants and would function as anti-obesity agents with further use 
in ^^anous clinical eaiing disorders. Thus, another aspect of the invention concerns a process for redudng food intake 
•n an obese mammal or a mammal with an eating disorder. The process comprises systemic administration to such a 
nnaniir.ai 0^ an anorexiant- effective dose of a Formula I compound or a pharmaceutically acceptat>le acid addition salt 
and/or hydrate theren-r 



7 



(C) 2001 Copyright Derwent Informal ion Ltd. 



EP 0 747 357 A2 



On the basis oi pharmacologic testing, an eHective dose given parenterally could be expected to be in a range of 
about 0.05 to ^ mg/kg body weight and i« given orally would be expected to be in the range cA about 1 to 20 mg/kg body 
weight > • 

For clinical applications, however, the dosage and dosage regimen must in each case be carefully adjusted, utiliz- 
ing sound professional judgment and considering the aga weight and condition of the recipient, the route of adminis- 
tration and the nature and gravity of the illness. Generally, the compounds of the instant inv^tion will be administered 
in the same manner as for available anorexiant drugs such as Diethylpropion. Mazindol. or Phentermlne and th? daily 
oral dose would comprise from about 70 to about 1400 mg. preferably 500 to 1000 mg administered from 1 to 3 times 
a day. in some instances, a sufficient therapeutic effect can be obtained at lower doses while in others, larger doses will 

be required. ■ ' ' ■ 

The term systemic administration as used herein refers to oral, buccal, transdermal, rectal, and parenteral (i.e. 
.mramuscular. intravenous, and subcutaneous) routes. Generally, it will be found that when a compound of the present 
invention is administered orally, which is the preferred route, a larger quantity of reactive agent is required to produce 
the same effect as a smaller quantity given parenterally. In accordance with good clinical practice, it is preferred to 
administer the instant compounds at a concentration level that will produce effective anoretic eHects without causing 
any harmful or untoward side effects. Similarly, the instant compounds can be administered to treat hypertension, 
depression, diabetes and anxiety disorders. 

Therapeutically, the instant compounds are generally given as pharmaceutical compositions comprised of an effec- 
tive anorectic amount of a compound of Formula I or a pharmaceutically acceptable add addition salt thereof and a 
pharmaceutically acceotaole carrier. Pharmaceutical compositions for effecting such treatment will contain a major or 
minor amount, e.g. from 95 to 0.5% of at least one compound of the present invention in combination with the pharma- 
ceutical carrier, the earner comprising one or. more solid, semi -solid, or liquid diluent filler, and formulation adjuvant 
which IS non-toxic. inert and pharmaceutically acceptable. Such pharmaceutical compositions are preferably in dosage 
unit forms i e.. physically discrete units containing a predetermined amount o1 the drug con-esponding to a fraction or 
multiple of the dose whicr is calculated to produce the desired therapeutic response. The dosage units can contain 1 . 
2. 3. 4. or more single doses, or. alternatively, one-half, one-third, or one-lburth of a single dose. A single dose prefer- 
ably contains an amount sufficient to produce the desired therapeutic effect upon administration at one application of 
one or more dosage units according to the pre-determined dosage regimen usually a whole, half, third; or quarter of the 
daily dosage administered once, twice, three, or four times a day. Other therapeutic agents can also be present Phar- 
maceutical compositions which provide from about 50 to 1000 mg of the active ingredient per unit dose are prefen-ed 
and are conventionally prepared as tablets, lozenges, capsules, powders, transdermal patches, aqueous or oily sus- 
pensions syrups, elixirs, and aqueous solutions. Preferred oral compositions are in the form of tablets or capsules and 
may contain conventional excipients such as binding agents (e.g. syrup, acacia, gelatin, sorbitol, tragecanth. or polyvi- 
nyipyn-otidone). fillers (e.g. lactose, sugar, maize-starch, calcium phosphate, sorbitol, or glydne). lubricants {e.g. mag- 
nesium steaiate. talc, polyethylene glycol or silica), disintegrants (e.g, starch) and wetting agents (e.g. sodium lauryl 
sulfate). Solutions or susoensions of a Formula I compound with conventional pharmaceutical vehldes are generally 
employed for parenteral compositions such as an aqueous solution for intravenous injection or an oily suspension for 
intramuscular injection Such compositions having the desired clarity, stability and adaptability for parenteral use are 
obtained by dissolving Irom 0 1% to 10% by weight of the active compound in water or a vehicle consiting of a polyhy- 
dtic aliphatic alcohol such as glycerine, propyleneglycd. and polyethelene glycols or mixtures thereof. The polyethyl- 
eneglycols consist of a mixture of non-volatile, usually liquid, polyethyleneglycols which are soluble in both water and 
01 ganic iiouids and which have molecular weights from about 200 to 1 500. 

Description ol the Soecrftc Embodiments 

The compounds which constitute this invention and their methods of preparation will appear more fully from a con- 
sioeration of the following examples which are given tor the purpose of iUustration only and are not to be construed as 
limiting the invention . in sphere or scope. All temperatures are understood to be in degrees C when not spedfied. 

The nuclear magnetic resonance (NMR) spectral characteristics refer to chemical shifts (6) expressed in parts per 
million (ppm) versus tetramethylsilane (Th/IS) as reference standard. The relative area reported for the various shifts in 
the proton NMR spectral data corresponds to the number of hydrogen atoms of a particular functional type in the mol- 
ecule. The nature of the shifts as to multiplidty is reported as broad singlet (br s). singlet (s). multiplet (m). doublet (d). 
triplet (t) doublet of doublets (dd). quartet (q) or pentuplet (p). Abbreviations employed are Df^SOKls. (deuterodlmeth- 
ylsulfoxKie). CDCI3 (deuterochloroform). and are othenwise conventional. The infrared (IR) spectral descriptions indude 
only absorption wave numbers (cm *) having functional group identification value. The IR determinations were generally 
employed using potassium bromide (KBr) as diluent The elemental analyses are reported as percent by weight 
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A Preparation of Intermediates 

1 formula (VII) Compounds 

Example 1: Genera l Procedure tor the Preparation oi K noevenaoel Adducts m) 

^^otlowing a general method reported by Jones^. a mixture of 300 mmol each of 3-njtrobenzaldehyde and the req- 
uisrte l5-keto ester was dissolved in 250 mL of toluene and piperidine (2.5 ml) and glacial HOAc (5 mL) were added. 
The solution was then allowed to reflux several h during which time the theoretical amount of H2O was removed by a 
Dean- Stark trap The toluene was then renrK)ved in vacuo and the resulting Knoevenagel products purified by flash 
chromatography (SiO;. £tOAc/Hex) or aystallization. 

■ g^gnTRlQ 3-f3-Nit fOOhenvn-2'(1-oxotXiWa-2-prop enoic acid, ethvl ester 

■'he yellow oil was isolated as a mixture of E and 2 isomers in 47% yield: NMR (CDCI3) 5 8.23 (m. 2H). 7.52 (m. 
3H) 4.32 (m. 2H) 2 67 and 2.53 (t. 2H. J=7.2 Hz). 1.66 (m. 2H). 1.29 (m. 3H). and 0.97 and 0.87 (L 3K J=7.4 Hz). 
Anal Calcd for C^Hj^NOj: C, 61.85; H. 5.88: N. 4.81. Found: C. 61.75: H. 5.86; N, 4.82. 

Example 3 2-fDimeth03< vacetvlV3-(3-nitroohenvl^2-p rooenolc acid ethvl ester 

"his adduct was isclated as an orange oil in 34% yield: NMR (CDCI3) 6 8.34-8.23 (m. 2H). 7.99-7.70 (m, 3H). 
4 94.4.93 (m. IH) 4 30-4.22 (m. 2H). 3.79 (d. 1H. J^8 Hz). 3.35-3.33 (m. 6M). 1.28-1.13 (m. 3H). Anai Calcd. tor 
C -tH, :NQ: C. 55 73: 5 30; N. 4.33. Found: C. 55.28; H, 4.84; N. 4.59. 

2. Formula \/. .inc Xill Intermediates 

Exa mple 4 General Method for the Preparation of Dihvdropvr idine Intermediates fVI 

For [he symmetiical dihydropyridines of Formula V. the requisite p-keto ester (126 mmol). 3-nitrobenzaldehyde (63 
mmol) and NH^CAc (95 mmol) were refluxed for several h in. 150 mL of EtOH or i-PrOH using standard Hantzsch 
conditions**. The crude reaction mixture was cooled to ambient temperature and the volatiles removed in vacuo . The 
symmetrical dihydtopyndmes were crystallized from ElOH or i-PrOH. Generally, for the asymmetrical Formula (V) inter- 
mediate, a mixture of the requisite Knoevenagel adduct (Vll) (70 mmol) and methyl 3-aminocfotonate (70 mmol) was 
leflnxed m -PrOH overnight (24 h). The volatiles were then removed in vacuo and the crude products recrystallized 
iror^-etOH . . • 

p.fi-npif 1 4-Dihvdro-2 -methvt-4-(3>nitrophenvn-6-prQP vl>a.5-pvridinedlcarboxvlic acid. ethv|5 methyl ester 

rne compound was obtained as a bright yellow solid in 34% yield; mp 102-105 'C: ^H NMR (CDCI3) 6 8.09 (t, IN. 
j=2 HZ) 7 99.7 96 (m. ^H). 7.63-7.59 (m. IN). 7.35 (t. IN. J=8 Hz). 5.77 (br s. 1H), 4.14-3.99 (m. 2H), 3.53 (S. 3H). 

2 77-2 61 im. 2H) 2 34 (s. 3H). 1.72-1.53 (m. 2H); 1.20 (t. 3H. J«7 Hz), 0.97 (t. 3H. J^7A Hz). Anal. Calcd. for 

C:.5H uN?0ii •O.2H2O C 61.43: H. 6.03; N. 7.16. Found: C. 61.57: H. 6.14; N. 7.09. 

» 

Exat TTjIe 6 1 .4 Dih vd!O-2 -methvl-6-(dimethQxvmethvn-4-(3-nitro Phenvn-3.SH0vridinedicaft)OXVlic acid, ethvl^ methvl^ 
ester (Xll ti 

'ne compound was obtained in 35% yield after purification by flash chromatography (SiOa: EtOAc/Hex): mp 1 18- 
122 C. 'HNMR(C0CI',)i>8.14(t. IH, >2 Hz). 8.02-7.99 (m. IH). 7.65-7.61 (m. 1H).7.38(t. 1 H. J=8 Hz). 6.82 (br 5. 
1M) 6.03 (s. IH). 5 13 (5 IH). 4.17-4.06 (m, 2H). 3.64 (s, 3H). 3.48 (s. 3H), 3.43 (s. 3H). 2.38 (S, 3H); 1.24 (t. 3H. Js7 
Hz). NMR(CDCi.i) 167.4. 166.0. 149.3. 148.3. 145.1. 143.9, 134.2. 128.8. 12Z9, 121.5, 104.7. 102.5.98.5,60.4,. 
55 7 55 1 51 2. 40.0. iy.7. 14.1. Anai Calcd. for C2oH24N20b: C. 57.14; H. 5.75: N. 6.66. Found: C, 57.07; H. 5.64; 
N 5 64 • 

g^il'lZifil 1 4»Dihvdf o-2 6-<jimethvl-4-f3-nitroohenvh -3.5-pvridinedicartx)xviic acid. n>buM methyl ester 

i\ solution of r butyl acetoacetate (0.10 nrwle). methyl 3-aminocrotonate (0.10 mole). 3-nitrobenzaldehyde (0.10 
molej and 150 mL oi »-PrOH was refluxed overnight ( 18 h). The volatiles were removed in vacuo and the residue puri- 
fied t?y flash chromatography (SIOj. EtOAc/Hex) to furnish the product in 49% yield as low melting, yellow solid: mp 69- 
70 *C Anai Calcd (or C^jHs^NaOe: C. 61.85; H. 6.23; N. 7.21. Found: C. 62.02; H. 6,21; N. 6.95. 
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gxampl e 8: 2»Cvano-1 .4-dih>^fO-6>methvl-4>r3>nitrQDhenvl>-3.5-Pvridinedica^^^ acid, ethvl^ methy> 5 ester 

The acetal intermediate o1 Example 6 (XIII) (24 mmoO was taken up in 80 mL of acetone and 6 A/ HCI (8 mL) was 
added. After stirring at ambient temperature for 1 .5 h. the solvent was removed in vacuo. The resulting solid was rinsed 
£ with one portion of H2O and then filtered. Purtfication by flash chromatography (SiOa*. EtOAc/Hex) furnished the formyi 
derivative (XII) in 88% yield as an orange solid: mp 11 1-1 14 •C: NMR (COCI3) 6 8;i 2-8.01 (m. 2H), 7.61-7.48 {m, 
IH). 7 41 (t. IK J=8 Hz). 7 04 (br s. 1H). 5.23-5.22 (m, 1H). 4.30-4.14 (m, 2H),3.77 (s. 1H). 3.64 (s. 3H}. 2.43 (s. 3H). 

I. 28 (t. r^H. J=7 Hz); ^-^C NMR (CDCI3) 6 186.5. 167.0. 165.2. 148.4. 147.6, 145.2. 139.0. 134.2. 129.3. 123.0. 122.1. 

II. S.0. 101.9.61.6.51.4 40 ?. 19.6. 14,1. >^na/. Calcd. for CisH^gNjOT: C. 57.75: H. 4,85; N. 7.48. Found: C. 57.61: K 
w 4 60 N. 7.33. . 

The formyi intermediate ((XII): 8.7 mmol) was dissolved in 25 mL glacial acetic acid and NHgOH • HCI (9.6 mmol) 
and NaOAc (12 mmol) were added. The solution was stirred at room temperature for 2.5 h and then AC2O ( 29 mmol) 
was added and the reaction stin'ed tor 1 .5 h at room temperature and at 94 «C for an additional 4 h. The excess HOAc 
and AC2O were remov»3d vacuo Water was added to the residue and the aq layer was neutralized with aq NaHCOa- 

Tf The suspension was exiraaed with EtOAc and the combined organic fractions were washed once with H2O. and then 
dried over MgSOa. After filtration, the filtrate was concentrated in vacuo to give an oil which solidified on standing. The 
cyano derivative (V) was obtained in 40% yield as a yellow solid after trituration from EtOAc/Hex: mp 169-170 °C: ^H 
NMR (COCy.^ 8.14-8 01 in\, 2H). 7.63-7.60 (m. IH). 7.47-7.38 (m. IH). 7.13 (s. 1H). 5.19 (S. 1H). 4.27-4.09 (m. 2H). 
3 65 (S. 3H)! 2 41 (S. 3H) 1 29 (t. 3H. Ja7 Hz)\ PC NMR (CDCI3) 6 166.7. 163.7. 148.7. 146.7. 145.5, 134.3. 129.4. 

3' 123.0. 122.4. 116.5. 1*5 1 1 1 1.8. 102 1. 62.0. 52.0. 39.5. 19.2. 13.9. HRMS Calod. lor CieHieNaOg: (M+H): 372.1 196. 
Found 372.1207 ■ : 

ExamQ!£^Jj4dQi!l^:L£:aimfi^^ 
methyl ester 

2^ 

The starting i.4-dihydro-2.6-dimethyi-4-(3-nitrophenyl}-3,5-pyridinedicarboxylic acid, mono-methyl ester (XIV)^^ 
(1*1 mmol) was treated with carbonyt diimidazole (12 mmol) in 60 mLof MeCN. After stirring for 2 h. acetamidoxime - 
HCI (15 8 mmol). and EI3N (22.2 mmol) were added. The resulting mixture was refluxed for 17 h under N2 and the vol- 
atiles were then removed :n vacuo. The residue was taken up in CH2CI2 and washed with HjO and brine, and dried 

3. over MgS04 After filtration, the volatiles were removed in vacuo to give a yellow foam. The crude intermediate 0-acyl 
• amidoxime was purified by flash chromatography (Si02: MeOH/EtOAc) to give 3.13 g (73%) of this intermediate. This 
material was then heated neat in a 200 oil bath for 20 min under a N2 flow. The resulting dark residue was reays- 
tallized trom EtOAc/Hex to give the oxadiazote intermediate (V) in 37% yield as a yellow crystalline solid: mp 221-222 
=•0 r-^H NMR (DMSO-cfe) ft 9 37 (s. IH). 7.99 (m. 2H). 7.66 (m. IH). 7.54 (t, IH. .•«7,9 Hz), 5.18 (S. IH). 3.57 (s. 3H). 

j: 2.41 (5. 3H), 2 31 (S. 3H) and 2.23 (s. 3H): ^^C NMR (DMSO-Ofe) 6 175.5, 166.9. 166.5. 149.0. 148.0. 146.6. 144.4. 
134.1. 130.0. 121.7. 100 7. JS.a 51.1. 39.4, 18.5. 18.3, and 11.4. Ana/. Calcd for Ci8Hi8N405: C. 58.37; H, 490; N. 
15 13. FoufKl: C. 58.56. H. 4.88: N. 14.88. 

3 • Aniline Intermediates of Formula (IV) . • 

4:'- ■ ; • ' ■ 

Ex ample 1Q: General Reductive Procedures for the Conversion of the Nitroarvl Dihvdropvridines fVI to the Anilines fIV) 

Catalytic Hydrogenation Method A To a N2 solution of the nitro aromatic dihydropyridine (V) (10 mmol) in 80 mL 
of EtOH was added 0 5-1 0 g of 5% Pt on sultided cart>on and the resulting suspension shaken on a Parr Hydrogena- 
tion apparatus at room temperature under 60 psi of Hg. After several h the reduction was usually complete as judged 
by theoietical H2 consumption. The suspension was then filtered through Celite and the filtrate concentrated in vacuo 
to ;five the anilines (IV). These were then purified by recrystallization or flash chromatography in the indicated solvents. 
In iome of the examples the aude aniline derivatives were converted to a salt form and then recrystallized. 

Iron Method 0.^^ in a 250-mL three-necked flask equipped with mechanical stirrer and reflux condenser was 

5.: added a solution of NH^GI (64 mmol) in 50 mL of H2O. iron powder (38 mg-atom. 325 mesh) and a solution of the nitro 
aromatic dihydropyridin«3 (V) (11 mmol) in 50 mL of MeOH. The resulting mixture was stirred at reflux for 6 h and then 
filt'jred through Celite and • msed with copious amounts of MeOH. The filtrate was partially concentrated in vacuo to 
yield an aq suspension, which was extracted with CH2CI2. The combined organic extracts were dried over Na2S04, fil- 
te ed. aiKf the volatiles lemoved in vacuo to yield the crude anilines (IV). These were purified as above in the hydrogen- 

£.-: aii.3n method. 

Nickel/Borohydride Resin Method C. According to the general method of Vbon^ the borohydrkje excharige resin 
(i:e g) was suspended in 40 mL of MeOH and Ni(0Ac)2 * 4H2O (0.60 mmol) was added. After stirring several min, the 
requisite nitro aronriatic derivative (V) (6 mmol) was added and the resulting black mixture stirred overnight at room tem- 
perature After filtration thiough a plug of Celite. the reaction solution was concentrated in vacuo to give the reduced 
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aniitne derivatives |IV) 

Example 1 1 : 4-(3'AminoDhenylM ■4-dihvdrQ-2-methvl'6-proDVl'3.S'pvrtdinedicartx)xvlic add. ethv|S methyl^ ester. 
tu maric acid salt 

This compound was obtained as an orange-broMm solid in 91% yield (Method 6): mp 92-95 ""C; NMR (MeOO) 5 
7 3CJ-7 1 7 (m. 3H). 7 02-6.99 (m. 1H). 6,26 (s. 2H).-4.90 (s. 1H). 4.06 (q. 2K j=14 Hz). 3.61 (s. 3H). 2.78-2.52 (m. 2H). 
2 30 (s. 3H) 1 69- 1 55 im. 2H). 1 .2 V(t. 3H. M Hz). 0.97 (t. 3H. J=7.4 Hz); '^C NMR (MeOD) 6 170.5. 169,9. 169.04. 
I 'Si 9. 147.0. 135 3. 13^9. 130.5. 127.5. 122.0.120.3. 103.2. 103.0. 60.9.51.4.40.8.34.7.23.4. 18.6. 14.7. 14.3. Anal. 
Cal'xJ. for CjoHaeN-A • 1.OC4H4O4 • l.OHgO: C. 58.53: H. 6.55: N. 5.69. Found: C. 58.86: H. 6.22; N. 5.68, 

Exa mple i 2: 4■{3^ Anr^inoDh9nvn■1.4<^ihvd^o•2.6Kj^rT1ethy^^.S^OY^^dinedica^boxvHcactd. ethvl methyl ester 

This compound was obtained in 92% yield as a grey solid after crystallization from EtOAc/Hex (Method A): mp 173- 

175 •■•C " ' ' ' 

Example 13. 4- >(3-Am inQDhenvn-1.4-dihvd ro-2.6-dtmethvl>3.5-pvridinedicarboxvlic acid, diethyl ester hydrochloride salt 

The compound was isolated in 82% yield (Method A) after purification by flash chromatography {Si02: EtOAc/Hex). 
A small portion of the aniline was converted to the HCI salt by treatment with ethereal HCl. After trituration from EtgO. 
the compound was obtained as a pale yellow solid: mp 21 2-21 3 'C. - ■ * ' 

Examole 14: 4'f3-Amin oohenvn-1.4-dihv drQ>2.6^im6thyl>3.5-pvridinedicarbQxvlic acid, dimethyl ester 

The compound was obtained in 58% yield as a colorless solid after crystallization from EtOH (Method A): rnp 214- 

..-3 .... — 

Exa mple 1 5: 4-f3-A nrw nophenvl)'1 .4'dih ^rQ-2 S-dimethyl-a SHOvridinedicarbbxylic acid, n-butvl methvl ester hydrochlo- 
ride ?alt ' ■ ••■ 

' The compound was isolated as a yellow oil in 68% yield (Method A) after flash chromatography (Si02: EtOAc/Hex). 
A small portion of the oil was converted to the HQ salt by treatment with ethereal HCI: mp'135-l45 "C: ^H NMR 
• (DMSO-.l^) ci 10.20 (hi s. 2H). 9.12 (s. 1H). 7.29 (t. 1H. J=7.8 Hz). 7.12 (m. 3H). 4.89 (S. 1H). 3.94 (m, 2H), 3.54 (s. 3H). 
2.i?7 (3. 3H). 2 26 IS 3H1 1.49 (m. 2H). 1.22 (m. 2H). and 0.89 (t. 3H. J«8.0 Hz): ^^C NMR (DMS0-cfe)-6 167.2. 166.8. 
149 ? U6 1 132 : 1?9 V 125.4. 121.7. 120.6. 101.1. 101.0. 62.9. 50.7. 38.6 30.3. 18.7. 18.3. and 15.6. 

Example 16 4-t3»Am.nQphenvlM.4-dihydro-2.6^imethyl>3.5-pvridinedicarboxvlic acid. 1.1-dimethvlethvl methvl ester 

- *ne aniline was octained in 87% yield as a yellow solid after purification by flash chromatography (Si02: 
Et<:)Ac/Hex| mp 85-90 C. ^H NMR (CDCI3) ft 6.97 (t. 1 H. J=7.7 Hz)! 6.66 {d; 1 H. J«7.7 Hz). 6.58 (s. 1H). 6.44 (d. IH. 
j=7 ^ Hz) 5 53 (bi s 1 H). 4 86 (s. IH). 3.62 (s. 3H). 3.50 (br s. 2H). 2.29 (s. 3H). 2.26 (S. 3H). and 1.39 (s, 9H): '^C 
NMP 'CDCU) 168?. 167.1. 148.7. 145.9. 144.1. 142.5. 128.6. 118.5. 114.9. 113.1. 103.4. 79.8, 50.9. 39.6. 28.3, 
19 7 ,qna 19 6 4/1.?; Caicd for C2oH26N204: C. 67.02; H. 7.32: N. 7.82. Found C. 66.97; H. 7.43; N. 7.68. 

Exa mple V 4M'3'A mino ohenvl)-l.4-dihYdro-2-cyano-6-methvl-3.5-ovridine-dicarboxvlic acid, ethyi ^ methyl^ ester 

liis material was prepared using the general ?^HHfi\ procedure described above for anilines (Method 6). Aniline 
(IV) was obtained in 69% yield as a yellow solid: mp 18M82 'C: 'H NMR (CDCI3) 68.73 (s. IH). 6.96 (t. IH. J-8 Hz). 
6.60'6.44 (m. 3H). 4 92 IS. IH). 4.25-4.08 (m. 2H). 3.70 (s. IH). 3.58 (s. 3H). 2.30 (s. 3H). 1.23 (t 3H. J=7 Hz); ^^C 
NMRiCDCy^* 1675 1 64.5. 146.4. 145.6. 129.2. 118.3. 117.7. 116.6. 114.7. 114.5. 114.0. 113.8, 101.8. 61.3.51.2. 
391 187 u.C 4;.:; Calcd. for CaHigNjO*: C. 51 .94; H. 5.47; N, 11 .53. Found: C. 61 .51 : H. 5.34; N. 1 1 .75. 

Example 18. 4-(3-AminophenylM ■4-dihvdro«2.6<ltmethyl-5-(3-methvl-1 .2.4-oxadiazol-S-vn-3-ovridnecarboxvlic acid. 
methyl esl^i 

"his compound was orepared using the iron procedure (Method B). The aniline derivative was obtained in quanti- 
tative yield as a yellow solid: mp 248-249 "C: 'H NMR (DMSO-dg) 6 9 08 (s. IH). 6.80 (t. IH. J=7.7 Hz). 6.39 (s. IH). 
6.34 !d. IH. j»7.7 Hz). 6.27 (d. IH. J=7.7 Hz). 4.93 (s. 1H). 4.88 (br s. 2H). 3.58 (S. 3H). 2.38 (s. 3H). 2.25 (s. 3H). and 
2 23 s. 3H) NMR (OMSO-flfe) ft 175.9. 167.2. 166.2. 148.4. 147.4. 144.9. 143.3. 128.5. 114.7. 112.7, 112.0. 101.5. 
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96 0. 50 ?. 39 0 18.2. anfl 1 1.2. HRMS. Calcd for Ci8H2iN403 (M+H): 341. 16U. Found: 341.1606. 

Example 19: <i-(3-Amlnoohenvl)-5-cvano-1.4Kjihydro-2.6Kjimerhvl-3>Pvridinecart>oxvlic acid, methvl estsr 

This compound was prepared using the iron procedure (Method B). The aniline was obtained in 10% yield as a tan 
solid after recrystallization, »rom EtOH: mp 234-235 ?C; NMR (DMSO-dfe) 6 9.09 (br s. 1H), 6.90 (t, IH. J=7.5 Hz), 
6.35 (m. 2H). 6.30 (d. 1H. js7.5 Hz), 5.01 (br s. 2H), 4.27 (s. IH). 3.48 (s. 3H). 2.24 (s. 3H). and 1.99 (s. 3H): '^C NMR 
(DMSO :%) ^ 167.2. 148 7. 146.8. 146.0. 145.2. 128.9. 120.2. 114.6. 112.5. 99.7. 84,5. 50.7. 40.6, 18.4. and 17.5. ^na/. 
Calcd foi CifiH^-NaOs • 0 22H2O: C. 66.91 ; H. 6.12: N. 14.63. Found: C. 66.91; H. 6.07; N. 14.40. 

EiaoDQbi 20 4.(3-Aming:.4^htQrQphePYn-1 ■ W»hY»Q'g.MiPiglhyl'3.5-PYr*ciine<fiCflfi?PXYlic acid. etW methyl ester 

This dihydropyridine was obtained using the iron reduction procedure (Method B). It was isolated in 99% yield as 
light yellow solid: mp 68-90 "C; ^H NMR (CDCI3) 6 7.03 (d. 1 H). 6.62 (m, 2H). 5.68 (br s. IH), 4.88 (s. IH). 4.08 (m, 2H). 

3 89 (br s. 2H). 3.63 (s. 3H). 2.29 (s. 6H), and 1.21 (t. 3H). AnaL Calcd. for C,aH?iN204a: C. 59.26; H. 5.80; N, 7.68. 
Found 0 59.04. K 5 7'3 N. 7 56, 

Example 2 1 4 f3-Amino-4-f2-DroDenvloxvDhenvl)Vl .4-dlhvdro-2.6>dimethvl>3.5-ovridinedicart^ acid dimethyl 
ester . .f. . . 

To a suspension of hexane-washed NaH (17 mmol, 60% in mineral oil) in 5 mL of DMF was added a solution of 
co'Ttpound (V). R^=OH {14 ' mmol) in 50 mL of DMF The resulting dark red solution was stirred at room temperature 
foi 10 mm and then allyl biomide (22 mmol) was introduced. After the reaction was stirred an additional 21 h, W was 
poured •nto 300 mL oi Hc^O and extracted with CH2CI2. The combined organic portions were washed with H2O and 
brine and then dried over MgSOd. Filtration and removal of the volatiles in vacuo afforded compound ((V), R=allyloxy) 
as an o<i which was usee without further purification and was subsequently subjected to the iron reduction method 
(Methoo 8) The resulting aniline corrpound [(IV). R-allyloxy] was obtained in 50% yield after purification by flash chror 
matography (S1O2 EtOAc/Hex) and was isolated as a pale yellow solid: 155-157 "C; ^H NMR (DMSO-o^) 6 8.74 (br s. 
IH). 6 58 (d IH. J«8 3 Hz). 6.44 (d. IH. J=2.1 Hz). 6.26 (d of d. IH. J'sa8.3 and 2.1 Hz). 6.01 (m" 1H). 5.40 (d. IH). 
5 '9 01 IH) 4 74 (s. iH'i 4 55 (brs. 2H). 4.32 (m, 2H). 3.54(s. 6H). and2.22(s. 6H); ^^C NMR(DMSO-cfe) 5 167.7. 
14.50. 43 7 140.6. '3"^ 2 134.4. 116.7. 114J, 113.2. 111.7, 101.8, 68.5. 50 6. 37.6. and 18.2. >^na/, Calcd for 
C^:iH.4rj,0. C. 64 50 H 6 50; N. 7.52. Found: 0. 64.32; H. 6.59; N. 7.35. 

4 Intermediates of Formula (III) 

egflfTP'e ZZ Oengr^l P/pi^fifilvirg fgr Preparg^tipn (?f Formula ((H) Anilide Int^rpi^iatg? 

To ii solution of an appiopriate Formula (IV) aniline intermediate (2.5 mmole) in THF (50 mL) at 0' is added a chlo- 
roalky I acyl chloride (2 5 mmole) also in THF. (15 mL). The reaction is stirred at 0** for 0.5 to 1 hour and then at room 
temperature for 0.5 to ' hour until judged complete. Volatiles are removed in vacuc and the residue is purified, generally 
by flash Silica gel chromatography 

Ex ample 23 i .4-Dihvdro -4 -l3-ff3'Chloro-1 -oxo-1 -pfOpynaminolDhenvn-2.6-dlmethvl-3.5-Pvridinedicarboxvlic acid. 
dirngLh^ijJStel 

4-{c-.Aminophenyi;i- i.4-dihydro-2.6-dimethyl-3.5-pyridinedicarboxylic acid, dimethyl ester (O.Sg. 2.53 mmol) was 
dissolved in THF (50 mL) and cooled to 0*^C. 3-Chloropropionyl chloride (0.32g. 2.53mmol) was dissolved in THF 
(i5mL) aiKf added dropwise to the mixture over 10 min. The mixture was stirred at O^C for lh.. concentrated in vacuo, 
and the residue. extracted with GH2Cl2/brine. T>ie CH2CI2 layer was dried over Na2S04; filtered, and concentrated in 
vacuo Silica gel chromatography (1:1 to 1:0 EtOAc:hexane gradient) gave the title compound (1.05a 100%) as a pale 
yeilow f<'&m 

Exam{3te^X4:Di^ 
thyl estet 

4.(3 Aminophenyl)-l 4-ciihydro-2.6-dimethyl-3,5-pyridinedicartX)xylic acid, dimethyl ester (I.Og. 3.16 mmol) was 
dissolved in THF (50 mL) and cooled to 0®C. 4-Chlorobutyryl chloride (0.446 g. 3.16 mmol) was dissolved in THF 
( 1 0mL] and added dropwise to the mixture over 5 min. The mixture was stirred at O^C for 0.5h. and then at 23"" C for 1 h. 
The solvent was removed m vacuo and the concentrate chromatographed over silica gel (1 :4 to 1 :0 EtOAc:hexane gra- 
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dtent) to give the title compound (1 .33g. 100%) as a pale yellow foam. 

Example 25 l ■4-D ihydfo-4W3-ff5-chloroO'OxoO-oentvllam}nolDhenvll-2 6^im ethvf-3.S>pvnd acid 
dimethyl ester 

4.(3-Aminophenyl)-i.4-dihydro-2,6-dimethyl-3,5-pyridinedicarboxyllc acid, dimethyl ester (2.3g, 7.28mmol) was 
dissolvea in THF (50 mL) and cooled to 0* C. 5-Ch!orovaleryi chloride (1.1 3g. 7.28mmol) was dissolved in THF (l5mL) 
and added dropwise to the mixture over 15 min. The mixture was stirred at 0* C for 1 h.. the solvent removed in vacuo. 
and the residue was extracted using CH2Cl2Avater. The CH2CI2 layer was dried over Na2S04. filtered, and concentrated 
m vacuo. Silica gei chromatography (1:1 to 1:0 EtOAc:hexane gradient) of the concentrate gave the title conpound 
(3 I6g. 100%) as a oale yellow foam. 

5 Intermediates ot formula II 

Exa mple 26: Gene ral C hloroalkvl Isocvanate Procedure for Preparation of Formula II Urea intermediates 

. To a solution of the appropriate Formula (IV) aniline intermediate (6 mmol) in CH2CI2 (30 mL) under N2 is added 
the chioroalKyl isocyanate (7 mmol). The reaction is stirred at room temperature or at reflux until judged complete by 
TLC analysis {2-24 h) The reaction solution is washed with HgO and brine and then dried {MgS04). After filtration, the 
volatiies are removed vacuo and the residue is generally taken up in MeCN (35 mL) and immediately carried on with 
reaction with a selected oiperidine or tetrahydropyridtnereactant of Formula (X). j • 

Example 27 Preoaratior) of Formula /XXX IV^ Isocyanate Intermediates 

a) l.4 0ihydro-4-(3 ((methoxycarbonyl)arninolphenyl)-2.6-dimethyl-3,5-pyrldinedicarbox^ acid, dimethyl ester 
(XXIV) A soluton of 1 ,4-dihydro-4-(3-aminophenyl)-2.6'dimethyl-3.5-pyridinedicarboxylic acid, dimethyl ester (IV: 
•63.2 g. 200 mmol) and pyridine (18 mL. 220-mmol) in CH2Cl2:MeCN 1:1 (1,5 L) was cooled to 0 'C. A solution of 
"Tiethyl chloroformate (16 mL. 210 mmol) in CH2CI2 (50 mL) was added dropwise over 10 min. Stinring was contin- 
ued at 0 "C fot 30 min. then the reaction. was warmed to room temperature and stirred for an additional hour. The 

eaction mixture was washed with saturated Na2C03 (500 mL) and rinsed with H2O (2 X 500 mL). The organic 
•ixiraci was. filtered ro afford a white solid (37.1 g). The filtrate was then dried (Na2S04), and the solvent was 

emoved n- varu- The residue was suspended in a minimum of EtOAc and filtered. The resulting solid was rinsed 
jvtth a small amount of EtOAc. folbwed by Et20 to give an additional 30.8 g. Both crops were combined for a yield 
•ot 37.9 g (91%) mp 215-218 'C. 'H NMR (DMSO-flfe) « 9.51 (s. 1 H). 8.88 (s. 1 H). 7.28 (s, 1 H). 7.22 (d, 1 H, J = 
• S 1 Hz); 7.08 (t. 1 H. 7 « 7.8 H2). 6.74 (d. 1 H. J = 7.8 Hz). 4.85 (S.. 1 H). 3.62 (s. 3 H). 3.54 (s. 6 H). 2.24 (s. 6 H): 

= C NMR {DMS0 :i5i?i 167.4. 153 9. 148.2. 145.8. 138.9. 128.3. 121:0. 117 1. 115.9, 101.3. 51.5. 50.6. 38.4. 18.2; 

\'^a! Oalcd lor C- oH .pNjOg • 0.1 HgO: C. 60.65; H, 5.95: N. 7.45. Found: C. 60.50; H. 5.85; N. 7.55. 

!>. i .4 Dihydro A (j{ »socyanataphenyl)-2.6-dimethyl*3.5-pyridinedicarboxylic acid, dimethyl ester (XXXIV). Accord- 
ing to the proceduie described by Valli and Alper.^^ a solution of the carbamate (XXIV) (15.2 g. 40.6 mmol) and 
i:i;.N (8.4 mL. 60 mmol) in anhydrous THF (300 mL) was refluxed under N2 for 5 min, and then allowed to cod for 
10 mm B-Chlorocatecholborane (8.78 g. 57 mmol) was added, and the resulting mixture was refluxed under N2 for 
s mm. The solvent was then renx>ved in vacuo, and the residue was taken up in CH2CI2 (300 mL). The resuKing 
solution was washed with 1 N aqueous HCI (150 mL). followed by 1 N aqueous NaOH (1 50 mL). The organic extract 
wasdrted jNaoSCa) and the solvent was removed in vacuo to furnish a cream solid (13.9 g, quantitative yield): mp 
70-173 -C; 'H NMR (CDCl3)6 7.11 (m. 2 H). 6.96 (S. 1 H). 6.86 (d. 1 H. = 7.5 Hz). 5.74 (s. 1 H). 4.97 (s, 1 H). 
:-.65(S 6 H). 2 34(s. 6H): '^C NfVlR(CDCl3) 6 167.8, 149.2. 144.4. 133.0. 129.0. 125.3. 124.0. 122.7. 103.5. 51.1. 
•& 3 6: IR (KB'J :?272 cm \ Anat Calcd for CisHieNzOs: C. 63.15; H. 5.30; N. 8.18. Found: C. 63.17; H. 5.33; 

'I -"as 

6. Intermediates ot Formula XIX and XX 

Example 28: 4-(3-IVIe!hoxvPhenvl)piDeridine-1-propanenitrile fXIX> 

solution of 4-(3.methoxyphenyl)p'iperidine^' (Xa. 26.2 g. 137 mmol) and acrylonitrfle (10.8 mL. 164 mmol) in 
MeCi'J (150 mL) was retluxed for 4 h. and then the solvent was removed m vacuo. An amber oil was obtained, which 
undetwent a rapd. exothermic crystallization to form a white solid (32.3 g, 96% yield): mp 90-94 "C; ^H NMR (CDCts) 
..> 7 22(l. 1 H. j = 75Hz) 6.81 (d. 1 H. J»8.1 Hz). 6.76 (m. 2 H). 3.80 (s. 3 H). 3.01 (d. 2 H. J « 11,7 Hz). 2.72 (t. 2 H. 
; »69Hz) 2 54(t.2H . = 7 2 Hz). 2.46 (m. 1 H). 2.l9(t 2 H. J = 11.1 Hz). 1 77{m.4H); ^^C NMR (CDCI3) 6 159.7. 
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147.7. 129A 119.2. 118 9. !12.7. 111.4. 55.1.53.8.42.4,33.2. 15.9; IR (KBr): 2246cni \ Ana/ Calcd for CisHgoNzO 
• 0.2 HnO C. 72 66; H. 8 29: N. 11.30. Found: C. 72.83: H. 8.18; 11.19. 

Ejr^jCTh gQ '4.fi3.MethQxvDhenvitoiDeridir)9>lH3rQDanamine fXX) 

5 

A sotation of Exarrple 28 product (31.26 g. 128 mmol) in MeOH (850 ml) and 30% aqueous NH3 (150 mL) con- 
taining Raney nickel was hydrogenaied for T h at 50 psi in a Parr apparatus. The catalyst was removed by liltration over 
Celile, and the solvent was removed in vacuo from the filtrate. The residue was taken up in CHgClj. dried (Na2S04), 
. and the solvent was removed in vacuo to afford a light amber oil (31.08 g, 98% yield): NMR (CDCI3) 6 7.16 (t. 1 H. 
1? J r:7.5 H2)..6.77(d. 1 K J = 7.5 Hz). 6.74 (s. 1 H). 6.69 (d. 1 H, J = 7.5 Hz), 3.74 (s. 3 H). 3.01 (d.2H. J= 11.4 Hz). 
2 ^y 2 H, J = 5,9 Hz). 2 44 (m. 1 H). 2.38 (t. 2 K J = 7.2 Hz). 1.97 (t. 2 H. J = 11.4 Hz). 1.78 (m. 4 H). 1.63 (m. 4 H); 
^ 'C NMR (CDCI3) 159.6. 148.1. 129.3. 119.3. 112.6. 111.3. 56.9, 55.1, 54.5. 42,8. 40.9. 33.4. 30.8; Anal Calcd for 
C ...Hs^rvO . 0 4 HnC' C 70.50: H, 9.78: N. 10.96. Found: C. 70.48: H. 9.66; N. 10.92. .- 

!•? 7 intermediates of Formula (X) . ... . 

fy/lany of the pipendine and tetrahydropyridine intermediates of Formula (X) are knowni^^- '•^^ and several are 
commeraally available. The following exanples are -intended to illustrate typical syntheses of various Formula (X) com- 
pounds 

Ejampig 30: General Preoai ation of Intermediate Pioehdinols rXVV- ' ^ • • 

The appropriate ai ylbromide (55 mmol) dissolved in anhydrous tetrahydrofuran (60 mL) was stirred at -78 °C tor 1 5 
minutes The nBuLi (55 mmol) was then added over a period of 20 minutes. This mixture was stirred for 15 minutes. N- 

55 Benzyl-d-piperidone (XVIa) or N-t-butyloxycarboxyl-4-piperidone (XVIb).(39 mmol) was then added in anhydrous tet- 
rahydrofuran (10 mL) at -78 'C over 20 minutes. The reaction was stirred.for 30. minutes at -78 and quenched cold 
over saturated ammonium chlorkje (80 mL). The aqueous layer was extracted with methylene chloride, dried over mag- 
nesium sulfate, and concentrated in vacuo. .The products were purified by flash chromatography 30:1 methylene chlo- 
ride/ acetone and used directly in the next reactfon. The intermediates were generally used immediately, however, the 

30 . . benzyipiperidinol of Example 31 was isolated and characterized.. 

PjampiA 1 .Bgp^yl-4.^3.rnethoxvDhenvlV4-oiDeridinol. fumarate salt 

This intermediate was ootained as a white solid in 60% yield: mp 112-1 15'C: ^H-NMR (Df^SO-de) 6 7.31 (m, 6H), 
55 7 02 (m 2H). 6 76 (m. iH). 6 56 (s. 2H). 3.75 (s, 2H). 3.72 (s, 3H). 2.78 (m. 2H). 2:65 (m. 3H). 2.04 (m. 2H). 1.59 (m. 
2H): ^^C NMR(DMSC<3b)t> 167.18. 159.07, 151.31. 136.13. 134.68, 129.66. 128.93. 128,29. 127.55. 116.98. 111.60. 
1 10 7' 69 23 61 18. 54 92. 48.48. 36.99; AnaL Calcd. far Ci9H23N02 • 0.7 C4H4O4: C. 69.15: H. 6.87; N. 3.70. 

Fcunc 69 43: H. 6 '3 N. 3.91 

4.' r Examole 32 Preparation of Compounds cf Formula Xa 

The lequisite alconot intermediate (XVa) (14 mmol) was refluxed overnight with p-toluene sulfonic add (20 mmol) 
in toluene (20 mL). The totuene was concentrated off to leave an oil which was triturated in ether/hexane to give a solid. 
The solid ( 14 mmol) was dissolved in ethanol (20 mL) and hydrogenated at 50 psi with Pearlman's catalyst (20% by 
4.5 weight) The reaction cequii ed 4 to 6 hours for completion. The crude heterogeneous reaction mixture was then filtered 
thiough a plug ol celite with several rinsings of ethanol. The products of Formula (Xa) were obtained as oils after con- 
centration m vacuo A small portion of the intermediate piperidines were generally converted to their fumaric acid salt 
foi char;)ctertzatior 

so amEie 33 4-[(3-P_h_en Yilphenvnoiperidine 

This compound was obtained as an oil in 28% yield. 'H NMR (CDCI3) 6 7.32 (m, 9H). 3.27 (m. 2H). 2.88 (m. 3H). 
1 •'g (m 4H). HRMS Calcd tor CiyHgoN (M+H) 238.1596. Four)d: 238.1590. 

5.5 ^^^mole 34. 4-f3-f2-Proovnvioxv)DhenvnDiperidine (Xa) 

a) I -Acetyl-4-(3-hydroxyphenyl)piperkjine. AC2O (9.00 g. 88.2 mmol) was added to a solution of 4-(3-methoxyphe- 
nyllDiperidine ( 14 4 g 75.4 mmol) and EI3N (10.5 g. 104 mmol) in CHjClj (200 mL). After stirring overnight (18 h). 
it w-ts washed with H.:0 brine and then dried over MgS04. Filtration and concentration in vacuo yielded 17.1 g of 
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, the intermediate acetamide. This material was taken up in CH2CI2 (200 mL) and cooled to -78 in a cold bath (/- 
- PrOH-COj). and then BBf3 (135 mL. 135 mmol.1.0 M in CHjClj) was slowly added via addition funnel. After the 

. addition was complete the cold bath was removed and the suspension was allowed to warm to room terrperature 
and mechanically stir overnight (16 h). Water (200 mL) was then carefully added and the mixture extracted with 
,CH2Cl2. The conrtoined organic portions were washed with H2O. brine, and dried over MgS04. After filtration, the 
^olatiles were removed tn vacuo to furnish a yellow solid. Reaystallization from /-PrOH gave 1 1 .6 g (52.9 mmol. 
70% yield) of the subject intermediate as a colorless white solid: mp 144-145 •C: NMR (DMSO-de) 6 9.28 (s, 
IH). 7 07 (t. 1H. ./=7.6 Hz). 6.58 (m. 3H). 4,50 (d. 1H. Jal3.0 Hz). 3.88 (d. 1H. J=13,0 Hz). 3.08 (t. 1H. ^=12.7 Hz). 
. 2.61 (m, 2H). 2.02 (s. 3H). 1.74 (m. 2H), 1.44 (m. 1H). and 1,33 (m. 1H); NMR (DMSO-cfe) 6 157.7. 157.2. 147.0 
129 1. 117.1.1 13 4. 112.9. 46.1.41.5.41.2.33.1.32.5. and 21.2, A^a/. Calcd. for C,3Hi7N02: C. 71.21; H, 7.81; 
N 5.39. Found: C. 71.14: H. 7.68: N..6.37. 

b) 4-(3-(2-Propynyloxy)phenyl)piperidine. A mixture of the N-acetyl-3-hydroxyphenylplperidine (6.73 g. 30.7 mmol). 
propargyl bromide (7.70 g. 51.8.mmol. 80% in toluene). K2CO3 (4.61 g. 33.4 mmol) and acetone (160 mL) was 
, refiuxed under No for 2 days. The mixture was then filtered and concentrated to give 8.25 g of the intermediate 
propargyl ether. This material was taken up in EtOH (80 mL) and 9 /V aq NaOH (30 mL) was added. After refluxing 
overnight (15 h) the dark solution was poured into 500 ml of water and extracted with CH2CI2. The combined 
organic portions were washed with H2O. brine, and dried over MgS04. Filtration and concentration in vacuo fur- 
nished 3.93 g (18.3 mmol. 60% yield) of (Xa) product as a yellow oil: IR (film) 21 18 cm ^ NMR (CDCI3) 7.18 
:n. IN). 6.81 im. 3H). 4.65 (m. 2H). 3.19 (m. 2H). 2.73 (m. 3H).2.60{m. 1H),2.49{m. IH). 1.85 (m. 2H). and 1.64 
•n. 2H).. -''C NMR (CDCI3) 0 157.6. -148.1. 129.3. 120.0. 113.5. 112.1. 78:5. 75.3, 55.6. 46.8. 42.7. and 33,9. 
"•n'VfS. Caicd for C14H18NO {ivitHj: 216.13B8. Found: 216.1382. 

ExarTTDle 35: Preparation of 4>HvdrQxv-4 -ArvtDiDeridines (Xb> 

The alcohol intermediate (XVa) (0.9 mmd) was dissolved in ethanol (20 mL) and palladium on carbon (20% by 
weiyht) was added along with glacial acetic acid (1 mL). The reaction was hydrogenated at 50 psi for 4 hours. The crude 
mixture was filtered through a plug of celite and the plug was rinsed several times with ethanol. The organic layer was 
concentrated down to an oil. The oil was redissolved in methylene chloride and washed twice with saturated sodium 
bica-bonaie The organic layer was dried over magnesium sulfate and concentrated in vacuo. 

Eya mole 36 4-f3-MethoxvDhenvtW4-Diperidinol. fumarate salt 

Tiis intermediate was obtained as an off white solid in 99% yield: nrv> 141-145''C: ^H NMR (DMSO-de) 6 7.25 (t. 
IH. .• s 8Hz). 7.01 (m, 2H). 6.80 (dd. IH. J « 8 Hz). 6.51 (s. 2H). 3.73 (s. 4H). 3.15 (m. 5H). 2.15 (m. 2H). 1.68 (m. 2H)'; 
^^C .Nli/IR (DMSO-ds) 0 167.7. 159.2. 150.3. 134.9. 129.2. 116.7, 111.9. 110.7. 68.5, 54.9. 34.5: HRMS Calod. for 
Ci2H.fNCj(M+H)208 1337 Found: 208.1335. 

Exatnole 37: Preparation of TetrahvdroD vridines {Xc\ 

The alcohol .intermediate (XVb) (5.4 mmol) was stirred in methylene chloride (10 mL) and trifluoroacetic acid (54 
mmc l) was added. The reaction was refiuxed for 6 hours. The CTude reaction mixture was quenched over 10% aqueous 
sodii im caibonate The aqueous layer was extracted several times with methylene chloride, dried over magnesium sul- 
fate, a-id concentrated in vacuo 

£xarnoJ£ 38 1.2.3.6-Tetrahvdro-4-r3-f2-prooenvloxv^phenvnpvridine fuma ric acid salt 

f his compound was obtained as an orange oil in 90% yield: mp 154-157'C. ^H NMR (CDCI3) 6 7.21 (m, 2H). 6.92 
(m. i^H). 6.78 (m. 1 H). 6 02 (m. 1H). 5.32 (m. 2H). 4.51 (m. 2H). 3.63 (br s. 2H). 3.18 (m. 2H). 2.56 (br s. 2H): HRA4S 
Caioi. for C,4H,3NO (M+H) 216.1388. Found' 216.1385. 

ExapTDleiag: 4.(2'Pheno;c yphenvn-4^iperidinQl fXb^ 

ri !-Bromo-2-phenoxybenzene. This compound was prepared according to the procedure described by Wil- 
liams Phenol (9 4 g. 100 mmol) was added to a suspension of NaOMe (5.3 g. 98 mmol) in anhydrous benzene 
: 100 mL). and me resulting solution was distilled to dryness. The residue was cooled, anhydrous pyridine (150 mL) 
ASS added, and the solution heated to reflux under Nj. Dibromobenzene (50 g. 2i0 nvnol) was then added, fol- 
.;v/ed by CuCl i ^ ,6 g;. and the mixture was refiuxed for 2 days. After cooling, the reaction mixture was partitioned 
rarween H^O ( ^Ot^ ml. 1 and EtjO (200 mL). The organic extract was acidified with cone. HCI in ice. and was further 
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rinsed with 1 N HCM100 mL), H2O (2 X 100 mL) and brine (100 mL). The organic extract was dried over Na2S04. 

and the solvent renr^ved m vacuo. The residue was taken up in CH2CI2 and filtered through silica gel. and the sol- 
vent was removed from the filtrate in vacuo. Distillation of the residue via a Kugelrohr apparatus gave product as a 
colorless oil (11 .5 g. 46% yield):''^ NfWiR (CDCI3) 6 7.62 (d. 1 H. J « 7.8 Hz). 7.30 (t. 2 H. J= 8.4 Hz). 7.24 (t. 1 
5 H J « 7.5 Hz). 7.10 (I. 1 H. J » 7.2 Hz). 7.02 (d. 1 H. J « 7.8 Hz). 6.96 (m, 3H):^^C NMR (CDCI3) 6 156,9. 153.7. 

133.8. 129.8. 128.7. 125.0. 123.4. 120.6. 118.1. 114.9. Anal. Calcd. for Ci2H9BrO • 0.4 HgO: C. 56.23: H. 3.85. 
Found: C. 56.11: K 3.54 

b) 4'{2-Phenoxyphenyl)-l-(phenylmethyl)-4-piperidinol. To a stirred solution of the 1-bromo-2-phenoxybenzene 
11' (3 0 g. 12 mmol) in anhydrous THF (20 mL) at -78 °C under N2 was slowly added n-butyl lithium (2.0 M in pentane. 

6 0 mL. 12 mmol). The resulting solution was stirred for 30 min. followed by the dropwise addition of 1-benzyl-4- 
piperidinone (1.9 g. lO inmol) in anhydrous THF (10 mL). The mixture was stirred for 1 hr at -78 "C. and then 
quenched with saturateo NH4CI. Sufficient H2O was added to dissolve any solids, the layers separated, and the 
aqueous extract discarded. The organic extract was dried over Na2S04. and the solvent removed in vacuo. Flash 

It ■ chromatography of the residue (SiOj: MeOH/CHjCy. afforded a viscous, light yellow oil (2;4€ g, 71% yield): ^H 
NMR (COCU) h 7.33 (m. 1 1 H), 7.03 (d. 2 H. J = 7.5 Hz). 6.76 (d, 1 H. J = 8.1 Hz); 3.56 (s, 2 H), 3.52 (s. 1 H), 2.75 
(m. 2 H). 2 56 (t. 2 H. j = 11 .7 Hz). 2.22 (t. 2 H. J a 1 2.6 Hz). 2.04 (m. 2 H): '^C NMR (CDCI3) 8 156.2. 155.8. 138.6. 
137 4, 130 0. 129.3. 128 3. 128.2. 126.9. 126.2. 124.1. 123.3. 119.7. 118.7. 71 1. 63.2. 49.2. 36.4. Ana/. Calcd. for 
Cr4H-..5N02. • 0.7 H>0 0. 77 47: H. 7.15; N. 3.77. Found: C. 77.35: H. 6.90: N. 4.13. 

2i ■ . ■ ■ • • 

c) 4 (2-Phenoxyphenyl)-4-piperidinol. A solution of the product from b) ( 1 .0 g. 2.9 mmol) in absolute ElOH (30 mL) 
coniajning AcCH (9 mL) and 10% Pd/C (200 mg) was shaken on a Parr apparatus overnight under H2 (50 psi). The 
catalyst was removed by filtration over Celite. and the filtrate was concentrated m vacuo to yield a white solid. This 
soiia was triturated m EtOAc and collected by filtration to give a white solid (490 mg, 66% yield): mp= 150-152 ••C: 

3i "h NMR (DMSO-ds/ i. 7 73 (d. 1 H. J = 7.8 Hz). 7.36 (t. 2 H. J = 8.1 Hz). 7.17 (t. 1 H, J = 7.5 Hz), 709 (t. 2 H. J = 

7 5 Hz), 5.94 (d, 2 H. J = 8.1 Hz), 6.69 (d, 1 H. J = 7.8 Hz). 4.81 (s. 1 H). 2.92 (t. 2 H. J = 10.5 Hz). 2.62 (d, 2 H. J 
= S.IJ Hz). 2 26 (t. 2 H a 12.6 Hz). 1.40 (d. 2 H. J a 12.6 Hz); ^^C NMR (DMSO-de) 6 157.3. 153.6. 140.4. 130.0. 
1279. 127 5. 123.2. 123 0. 119.6. 118.6.70.7.41.8.36.3. Ana/. Calcd. for CiVH^gNOa • 0.1 CH2Cl2:C. 73.93: H. 

. .6.97: n ' 5.04 Found C 74.04; H. 6.63: N. 4.96. 
3t . 
B Synthesis of Formula i Puxlucts 

1 B is a Covaient Bond 

35 Example 40: 1 4-Dihvdro- 4.f3-p-/4-phenylpiperidinO-yi)>1-QXQ-Vproovnamino1phenvl]>2.6Hjimethvt-3.5-w 
boxvlic actd. dimethyl ester 

1 .4-Oihyclro-4-f3-[[3 chlo-o-1-oxo-l-propyl|amino]phenyl]-1.5-dimethyl-3,5-pyridinedicarboxylic acid, dimethyl 
ester (1 05 g. 2 53 mmol). A.phenylpiperidine (0.46 g, 3.1 mmol). micropulverized potassium carbonate (1.0 g. 7.2 
« mmol) and HI ( 1 0 g. 6 0 nimol) were refluxed in CH3CN (50 mL) for 24 h. The solvent was renrx}ved in vacuo and the 
residue extracted with CH2Ci2^ine. The CH2CI2 layer was dried over NaaSOd and the solvent was removed In vacuo 
and the concentrate chromatographed over silica gel (1:4 to 1:0 EtOAc:hexane gradient) to give the title compound 
(1 33 p. t OO%) as a pale yellow foam. . 

Examp le 41 l.4 -Dihva ro4-rj -lf4-f4-DhenvlDiDeridin'1>vn-1-oxo-1'butvl]amino]Qhenvn'2.6-dimethvl-3.5-ovridinedicar' 
boxylic a cid, dimethyl ester f umarate 

1 .4-Dihydro-4-(3-(l4-chloroO -oxoo -butyl]amino)phenyl]-2.6KJimethyl-3,5-pyridinedica(t>oxyli acid, dimethyl ester 
(0.69g 1 64mmol). 4-phenylpiperidine (l .2eq.. 0.29g. i.97mrTK3l). micropulverized potassium carbonate (0.5g) and Kl 

5c (0 5g) wQt e t ef luxeo in CH^GN (50 mL) for 48h. The solvent was removed in vacuo and the residue was extracted using 
CHjCUlf ine. The CH.,CI^ «ayer was dried over Na2S04 and evaporated to give the crude product. Chromatography 
over silica gel (0-20% MeOH EtOAc as eluent) gave the free base (310 mg, 35%) as a viscous oil. The purified product 
was dissolved m EtOAc and 2eq. of fumaric add dissolved in MeOH was added. Upon standing in the freezer a precip- 
itate formed which was tillered and washed with EiOAc to yield I25mg (33%) of the fumarate salt, mp 189-1 90**C: IR 

55 (KBr) 1694. 1590. 1558. i490. 1436. 1216 cm'^ ^H NMR (300 MHz. DMSO-de) 6 1 62-1.79 (m. 7H). 2.09 (1. J-10.2 Hz. 
2Hi. 2 24 (s. 6H). 2 3l (t J= 2 Hz. 2H). 2.41 (t. J=7.2 Hz. 2H). 3.02 (d. J=11.4 Hz, 2H). 3.53 (s. 6H). 4.86 (s. 1H). 6.53 
(S. 2H). »5 79 {d J»^.8 N2 -.H). 706-7.27 (m. 6H). 7.36 (s, IH). 7,46 (d. J=aOHz. 1H). 8.89 (s. IH). 9.77 (s. 1H) : MS 
(FAB) :f - 546.(MH*') J"-.' Dalcd. for C32H39N3O5 1.0 C4H4O4 O.I H2O: C. 65.16: H. 6.56; N. 6.33. Found: C. 64.81; 
H ^76 v 6 4 ' 
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Some additionai Fcrmuia t compounds, wherein B is a covatent bond, are listed in Table 1. 

'•I 

Table 1. Additional Formula I Products 




H 



Ex. 


n 


Z 


mp 'C 


Yield % 


• 42._ 


2 


4-Ph-piperidine 


192-93 


86 


• 43 ■ 


■,'4 


4-Ph-nip^ridine 


133-35 


. 67' 


• 44 J_ 


5 


4-Ph-piperidine " 


195-97 


• 39 


JA:... 


4 


4-OH-4-Ph-piperidine . 


. >220 . 


77 


46 ■ 


'4 


4-CN-4-Ph-piperidine 


S220 


. 64 



Example 47: 'Phosiphate Variation • 1.4-Dihvdro^-(3ftr444-f3HTiethQxvDhenvlVi-piperldinvl1butvncarto 
nvl1-2.6-dimethvl-3 5-pvndinedicarbo)EVlic add, dimethvt ester 

. H) 1 .4-Dihydro-4'[3-[[[(diethyiphosphonate)methyl]carbonyl] amino)pheny)]-2,6-dime1hyl-3,5-pyrldinedicarboxyllc 
<icid. dimethyl ester >'XXII). A solution of diethylphosphonoacetic acid (1.96 g. 10.0 mmol) in CH2CI2 (30 mL) was 
treated sequenhaily with .4<limethylaminopyrfdine (DMAP. 50 mg). 2-mefcajDtothiazoline (1.19 g. 10.0 mmol). arxi 
!)CC {1.19 g. 10 0 mmol) at 25 ®C.^° The reaction was stirred for 2h followed by the addition of aniline (IV) (3.16 g. 

0 0 mmol). The mrxture was then stirred an additional 90 min followed by filtration through celite. The filtrate was 
'wncentrated ^ ^aoio and the resulting residue was purified by silica get chromatography (20:1 EtOAc/MeOH). 
Droviding pure (XXHi product (4.0 g. 80%) as a gold resin: NMR (CDCI^) 6 8.64 (s. 1H). 7.35 (s. 1H). 7.28 (d. 
!H. J«7 6 Hz) 7.09 (t. 1H. J=7.6 Hz). 6.98 (d. 1H. J=7.6 Hz). 6.30 (s. 1H). 4.94 (s. IN). 4.10 (m. 4H). 3.58 (s. 6H). 
2.SQ (d. 2H. J=20 7H2).2.24(s.6H). 1.28 (t. 6H, J=7.1 Hz); '^C NMR (CDCI3) 6 167.9. 161.8. 148.2. 144.7. 137.5. 
'28.3. 123.9. U8.9.' 1178. 103.1. 62.9. 50.8. 39.0. 36.1 (d. J=129 Hz). 19.2. 16.2: IR (KBr) 3315. 2985. 1657. 

612. 1555. 1214 1021 cm ^ MS (ESI) 493 (M-H. 100). Anal. Calcd. for Cj-^HgiNjOeP: C. 55.87; H. 6.32: N. 5.67. 
'-ound C. 55 51 H. o 36: N. 5.57. 

I ) i.4-Dihydro-4 (3-(.;(4-[4-(3-methoxyphenyl)-1-piperidinyn-E-but-1-BneO-yl]carbony^^^ 

: .S-pyridinedicaiboxyHc acid, dimethyl ester, hydrochloride salt (XXI). Phosphonate (XXI 1) (988 mg. 2.00 mmol) in 
'HF (5 mL| was treated with NaH (240 mg of a 60% suspension in mineral oil. 6.0 mmol) and stirred for 30 min. In 
h separate flasK, acrolein (133 mU 2.00 mmol) was added dropwise to a 0 "^C solution of 4-(3-methoxyphenyl) pip- 
K-rdine (392 mg, 2.00 mmol). DBU (3.0 jjL. 2 mmol). and THF (5.0 mL). This mixture was stirred for 20 min and then 
^dded to the above phosphonate solution. The resulting mixture was stirred for 1h at 25 °C. The reaction was then 
• fiuenched with (10 ml) and the product extracted with a 5:1 mixture of etiier/THF. The product was then con- 
. entrated m vrit:t/c and chromatographed on silica gel (10:1 EtOAc/MeOH) to afford pure (XXI] (1 72 mg, 15%). The 
i^roduct was chaiacterized as its HQ sail: mp 155 °C: NMR (DMSO-dg) o 10.74 (bs. 1 H). 10. 12 (s. 1 H). 9.01 (s. 
«K}. 7 51 (d. vi. 1 Hz). 7 46 (s. 1H). 7.25 (t. 1H. J=8.4 Hz). 7,13 (t. 1H. J=8.1 Hz). 6.82 (m. 4H). 6.72 (dt. 1H, 
. =6.6. 15.4 Hz'. 6 26 (d. IH. ^=15.4 Hz). 4.88 (s, 1H). 3.74 (s. 3H). 3.60 (m. 2H). 3.56 (s. 6H). 3.22 (m. 2H), 3.03 
i.n. 2H}. 2 76 2 27 (s. 6H). 2.0 (m. 4H): NMR (DMSO-de) '6 167.4. 162.9. 159.3. 148.1. 145.9. 145.8. 
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138 S 138 7. 129.6. 128.3. .126.9, 122.1. 118.6. 118,1. 117.1, 112.7. 111.7. 101.2, 54.9. 54.2. 51.8. 50.6. 38.7. 
38.4 29.7 25.0. 18 2. IR (KBr) 3448. 2948. 2675. 1678. 1644, 1608. 1550. 1216 cm''': Anal. Calcd. for 
NjOe • HQ • HoO C. 63.60: H. 6.91 : N. 6.54. Found: C. 63.49; H. 6.86: N. 6.35. 

c) 1 4.Dihydro-4.|3-[[I4.(4-(3-methoxyphenyl)-1 -piperidinyl] butyllcart»nytlamino]phenyl]-2.6-dim€thyl-3.5-pyrldin- 
edicarboxylic add. dimethyl ester, hydrochloride salt. To a solution of amide (XXI) (200 mg. 0.34 mnx3l) dissolved 
in MeOH (2.0 mL) was added Pd on carbon (1 0 mg. 1 0% Pd). The mixture was stirred under 1 atm of H2 for 12 h. 
The mixture was then filtered through celite and the filtrate concentrated in vacuo to provide pure Formula I product 
(12? mg 60%) mp 115-120 °C; NMR (CDCI3) 6 9.16 (s. 1H). 7.59 (d. 1 K J=8.0 Hz). 7.50 (s. 1H).7.19(l. IH. 
j= 7 7 Hz) 7 08 (t. 1 H ;a8.0 Hz). 6.98 (m. 2H>. 6.75'(m. 3H). 4.97 (s. 1 H). 3.75 (s. 3H). 3.60 (s. 6H). 3.47 (m. 2H). 
2 88<m 2H). 2.67 (m 3H|. 2,36 (m. 4H), 2.30 (s. 6H). 1.94 (m. 2H). 1.80 (m. 2H). 1.68 (m. 2H); NMR (CDCI3) 
;i '.70 9 168 2 159 7 148.3. 145.2. 144.5. 138.6. 138.5. 129.7. 128.0. 123.2 118.8. 117.7. 112.8. 111.8. 102.9. 
55. 1 S3.0. 52.9. 50 3. 40.2. 38.9. 36.1 . 29.9. 23.4. 22,5. 19.2: IR (KBr) 3320. 2947. 1684. 1607. 1548. 1489. 1434, 
ijiicm ' HRMS Calcd for C34H44O6N3 (M+H): 590.3230, Found: 590.3239. 

2 8 is N*- 

P«qmplt> 48: General Procedure from Formula II Inte rmediates fGenerated tn Situ) 

To a solution of the requisite aniline (IV) (6 mmd) under Nj in 30 mL of CH2CI2. was added 7 mmol of 3^hloropro- 
pyl isocyanate. The reaction was then stirred at room temperature or at reflux until judged complete by TLC analysis (2- 
24 h). The solution was washed with H2O and brine and then dried over MqSOf After fMtration. the volatiles were 
removeo -r vacuo and the residue was taken up in 35 mL of MeCN. To this solution was added the appropriate Formula 
(X) pipeiidine or tetrahydropyridine compound (10 mmol). micropuJverized K2CO3 (7 mmol), and a catalytic amount of 
Nal (10 mg). The resulting suspension was allowed to reflux overnight under N2 and then poured into 100 mL of HgO. 
After extraction with CH2CI2. the combined organic.f ractions were washed with H2O and brine, and dried over MgSO^. 
The suspension was filtered and the filtrate concentrated in vacuo to furnish the crude products of Formula I. These 
were toen purified by flash chromatography (SiOgi ammoniated EtOAc/MeOH) and a salt generally prepared from the 
free base 

ThieVe were, m general, two variations on this procedure. 

Method A. The chloroalkyi dihydropyridines (11) (2.2 mmol) were alkylated as a neat melt at 1 34 wrth the desired 
Formula (X) compounds (2.2 mmol). The reaction was monitored by TLC and typically were completed in 15 minutes 
to an houi'. The crude mixtures" were purHied initially by flash chromatography (SIOsiEtOAc/MeOH) followed by prepar- 
ative plates (0.5 mm SiO? plates) eluted with MeOH or 10% l\ileOH/CH2/Cl2. 

Method a The chloroalkylurea dihydropyridines (II) (4.9 mmol) were alkylated with the corresponding Formula (X) 
compcjunds (4 5 mmol) usjng potassium carbonate (6.7 mmol) and sodium iodide (1.3 mmol). The reactions were 
.reftuxwj 14 hrs and after cooling filtered through a plug of celite. The crude materials were then concentrated down in 
vacuo to a tot m which was purified by flash chromatography (CH2Cl2/MeOH) and preparative chromatography 

^^sim pi^ 49: General Ptnct^u^f^ from Formula (XXXIVl Intermediate 

A solution of the appiopiiate isocyanate derivative of Formula (XXXIV) (about 30 mmde) and aminoalkylpiperidine 
intermediate of Formula (XX) (about 40 mmole) in methylene chloride (500 mL) were stirred for several hrs. The reac- 
tion mixture was flash chromatographed in silica gel eluting with CH2CI2 • 5 to 1 0% MeOH. Removal of soh^ent in vacuo 
affords the base ot the Foi rnula I compound which is then usually converted into salt form and purified. 

P^ amnis SO 1 4•Dlhvdro>l.^•ff^f3W4-f3■methQxvDhenvi^ 1 -pjQeridinvnoroovnaminolcafbonvnaminolPhenYn-a.e'dime- 
jhyUg.g- PYridinedicarbQxvlic acid, dimethyl ester hydrochloride 

A solution of the (XXXil) isocyanate intermediate (11.4 g. 33 mnxjl) and the (XX) propanamine intermediate (9.9 
g. 40 m'Tiol) in CH^Cl? (500 mL) was stirred for 3 h. The reaction mixture was then directly chromatographed on silica 
gel by vacuum filtration. The desired product was eluted with CHsCljiMeOH 93:7 to 85:15. The solvent was removed in 
, vacuo to afford a white loam (13.4 g. 69% yield). A portion of this material was taken up in EtOAc. and an equimolar 
quantity ol 1 N HCl in EtoO was added in adropwise fashion. Additional EtaO was added, and the resulting precipitate 
was collected by filtration anij dried overnight in an Abderhalden apparatus to furnish the saH as a white solid: mp 130* 
135 'C NMR (OI^SOc^: .> 10.33 (br s. 1 H). 8.95 (S. 1 H). 8.74 (s. 1 H). 7.24 (m. 2 H). 7.10 (s. 1 H). 7.02 (t 1 H. J 
« ' 8 6 78 (m. 3 HI. 6 65 (d. 1 H. J = 7.8 Hz), 6.49 (m. 1 H). 4.84 (s. 1 H). 3 73 (s. 3 H). 3.54 (s. 6 H), 3.48 (m. 2 
H) 3:'.S{m. 1 H).3 15 (m. 2 H). 3 03 (m. 3 H). 2,76 (m. 1 H). 2.25 (s. 6 H). 1 .97 (m. 6 H): ''^C NMR (DMSO-dg): 6 167.5. 
1594 ^555 1481.14^6. •40.3.129.6.128.2.119.8.118.7.116.5,115.5.112.6 111.7.101.3.55.0.54.1.52.0.50.6. 
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37 9. 36.5. 30.0. 24.7. 18.2: Anal Calcd for C33H42N4O6 • HCI • 0.5 HjO: C. 62.30; H. 6.97; N. 8.81. Found: C. 62.46: 
H 6.94; N. 8 71 

Example 51 : 1 .4>DihvdfQ-2.6Kjtmethvl-4-f3-frfr3-f4-f3-f2-orQDvnvloxvbhenvn-i -pioe^ ^^ 
• nv<laminolDhenvll>3.5-Dvridinedicarboxvlic acid, dimethyl ester 

a) 4.(3-(2-Propynyloxy)phenyl]-1-plperidin8propianenitn!e (XIX). A solution of 4-(3-(2-propynyloxy)phenyll-1-piperi- 
dine (1 .89 g. 8.79 mmol); acrylonitrile (0.51 g. 9.62 mmol) and MeCN (20 mL) was refluxed 1.5 h. After cooling to 
ambient tennperature. the volatiles were removed in vacuo. The resulting amber oil was purrfied by flash chroma- 
tography (SiOa: EtOAc/hexane) to furnish 2.15 g (8.02 mmol. 91% yield) of (XIX) as a yellow oil: IR (film) 2248 and 
2120 cm- •; NMR (DMSO-dg) ^ 7.21 (m. 1H)/6.85 (m. 3H). 4.77 (d. 2K J=2.4 Hz). 3.56 (t. IH. J=2.4 Hz). 2.97 
(m. 2H). 2 71 (m. 2H). 2.59 {m. 2H). 2.41 (m. IH). 2.06 (m. 2H). and 1.61 (m."4H): NMR (DMSO-flfe) 6 157.3, 
147.8. 129.3. 120.1. 119.6. 117.5. 113.3. 112.3, 79.4. 78.1. 55.2. 53.1. 32.8. and 15.0. Anal, Calcd lor C17H20N2O: 
C. 76 09- H. 7.51. N. 10 44. Found: C. 75.83; H. 7.62: N. 10.36. 

b) i-(3-Aminopropyl)-4-(3-(2-propynytoxy)phenyl]plperidine (XX). To a solution of the nitrile (XIX) (2.00 g. 7.46 
mmol) in THF (70 mL), was added LiAIHa (0.606 g. 15.9 mmol) in one portion and the resulting suspension was 
stirred under at room temperature for 1 .5 h. The reaction was quenched by the successive addition of HjO (0.6 
mg. 15 % aq NaOH (0.6 mL) and HgO (2 mL). After filtration, the organic portion was washed with brine and dried 
7,^er K2CO3. Filtration and concentration in vacuo afforded 1.5 g of the crude amine as a yellow oil. Purification by 
Mash chromatography (SiO,: ammoniated EtOAc/MeOH) furnished 0.462 g (1.70 mmol, 23% yield) of the diamine 
as a pale yellow on 'H NMR (CDCI3) 6 7.20 (m, 2H). 6.81 (m. 3H). 4.66 (m. 2H), 4,05 (br s, 2H). 3.13 (m. 2H), 3.02 
■t. 2H. Js6.1 Hz). 2.49 (m. 4H). 2.20 (m. 2H). and 2.77 (m, 6H); '^C NMR (CDCI3) 6 157.6. 147.3. 129.3. 120.0. 
" '13 5. M2 3. 78.6. 75.4 57.8. 55.6. 54.1. 42.2. 41.3. 33.0. and 25.1 HRMS. Calcd for Ci7H25N20 (M+H): 
?73 1967 Found- '273 1970 " ' " 

:} 1.4-Dihydro'2.6-dimethyl-4-{3-[(|(3-(4-[3-(2-pr6pynyloxy)pheriyl]-l-piperKjinyl)propyq^^ 
iyi]-3 5-pyridinedicarboxylic acid, dimethyl ester, hydrochloride salt, hemihydrate. To a solution of diamine interme- 
diate (XX) (447 mg 1.64 mmol) in CH2CI2 (30 mL) was added isocyanale (XXXIV) (499 mg. 1.46 mmol) in one 
oorton. After the solution was stirred for 2 h at room terhperature. it was successively washed with HgO. 1 N HCI. 
H >0. * ^' ^4aOH. H^O. and brine and then dried over MgS04. Filtration and concentration in vacuo gave 800 mg of 
•;rude proouct as a yellow oil. Purification of the oil by flash chromatography (SiOj: ammoniated EtOAc/MeOH) 
.afforded 580 mg (0 945 mmol, 65% yield) of product as a colorless foam: mp indistinct; IR (KBr) 2121 cm"^ 
NMR rOMSO- 0^5)0 8.88 (brs.'IH), 8.34 (brs. lH). 7.24 (m. 2H). 7.10 (m. IH). 7.03 (t. IH. J=7.9 Hz). 6.81 {m.2H). 
ri 66 (a. IH. ./-7.7 Hz). 6.04 (br t. IH. ^=5.6 Hz). 4.85 (s. IH). 4.77 (d. IH. Jr:5.2 Hz). 3.56 (S. 6H), 3.35 (m. 2H). 
i.09 (ni. 2H). 2 97 (6, 2H ^=10.8 Hz). 2.45 (m. 1 H), 2.32 (m. 2H). 2.26 (s, 6H). 1 .96 (m. 2H), and 1.65 (m. 6H): '^C 
rjMR fOr^SO-'O?,) n 167.5. 157.3. 155.3 148.2. 145.7. 140.4. 129.4. 128 3. 119.7. 116.4. 115.5. 113.4. 112.3. 

4 79.5. 78 2. 55.8. 55.3. 53.9. 50.7. 42.1. 39.8. 38.5. 37.6. 33.0. 27.3. and 18.3. Anat. Calcd for 
.:.,.-,H,jNa05 • 0 5 H,0: C. 67.35; H. 6.95: N. 8.98. Found: C. 67.26; H. 6.71. N.-8.94. 

E^caniDte 52 1 4-Dihvdro-2.6-dimethvl>4-l34fff3>f4.|3'(2-orooQxv^Dhenvn>l •oiperidin vlloroovnaminolcarbQ. 
nvnaminolDhenyn-3.5-Dvridinedicarboxvlic acid, dimethyl ester 

suspension of the product of Example 51 (316 mg, 0.519 mmol) and 81 mg of 10% Pd/C in EtOAc (65 mL) was 
shaken under 50 pst of H^ on a Par Hydrogenator for 3 h. The suspension was then filtered through Celite and the fil- 
trate concentrated .n vacuo to give 325 mg of the product as a clear oil. This residue was purified by preparative HPLC 
(Zcmax-RX-C8 column. 45% M6CN/55%0.1% TFA HjO; 4.2 mL/min) and the free base subsequently converted to the 
HQ- salt to furnish the prixluct as a colorless foam: mp 1 10-130 (sintered); ^H NMR (CDCta) 6 10.62 (br s. IH). 8.53 
{brs IH). 734 (d. IH. ..=7.6 Hz). 7 12 (m. 3H), 7.00 (t. 1H. J=7.6 Hz). 6.86 (0. 1H. J=7.5 Hz). 6.68 (m. 4H). 4.90 (s. 
IH:. i.82 (t 2H J=6 5 J-z). 3 54 (s. 6H). 3.45 (m. 2H). 3.20 (m, 2H). 2.75 (m. 4H). 2.62 (m. 3H). 2.25 (s. 6H). 1.92 (m. ' 
4Hj. 72 (h. 2H. j=6.3 Hz), and 0.95 (t 3H. J=7.3 Hz); '^c NMR (COCI3) 6 168.4. 159.4. 157.1. 148.8. 145.5. 144.4. 
139.e.. 129 8. 128 5. 122 0. 118 7. 1 18.1. 117.2. 1 13.6. 1 12.5. 102.9. 69.5. 55.2. 53.3. 51.0. 40.2. 39.1. 36.7. 30.2. 25.1. 
.22 6 19.2. and lO 5 J-v Calcd for C35H46N406- HCI* O.45H2O: C. 63.37; H. 7.28; N. 8.45. Found: C. 63.37; H. 7.40; 
N. H .V8 

* ne following exarrptes of Formula t compounds were prepared using the processes of Example 48. 
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c. ^ppio ^ ^■nihvri,n.4.fa-i[r[a-u.hvdroxv.4.(3 - m«thn«vphenvi^DioRridin-vviipropYii Bminn1fflr^onYlla>pinQlPhe- 
n yil-p fi^imBthvi.a S-ptfridinpdicartx?xvlic HOXi (limethY* estfi f 

Th,s compound was isolated as an orang^yellow sola in 51% yield (-"ft^ B) mp 240 -C; NMR (DMSO-de) S 
8 85 (< .H) 8 48'(S 1H) 7 31-7.26 (m, 2H). 7,08-6.97 (m. 4H). 6.8S-6.82 (m. 1H). 6.68-6.62 ^m. 1.H). 6.22 (t 1H. J = 
6HZ) 5 48 s 1 J? 4 84 ( s. IN). 3.75 S. 3H) 3.54 (s. 6H). 3.50-3.45 (m. 2H). 3.30-3.18 |m. 6H). 2.27 (s, 6H). 2.24^17 
fm 2H1 1 85 1 80 (m 4H) '^c NMR (DMS0-<l6) 6 167.5. 166.0. 159.2. 155.5. 149.4. 148.2.. 145.6. 140.1. 129.4. 
'l28.3 120 0 116 7^^^^^ 

tor Q,:,H,jN407 (M+H) 607.3132. Found: 607.3125. 

p^Pifnni f. f^A 1 A.nih«rirn.4.r3-ffffa.i4.fg.niethf « YphBn«iirirv.ridin-i-vnnroovl1aminnlcarbQnvlla^^ 
thvl-3.5-cvridina dlcait)0xv lic acid, dimethyl ester 

This compound was isolated as a light brown solid in 7% yield (method B): mp 128-132 'H NMR (JMSOk^) 6 
8 86 (S .H) 8 36 (s. 1H). 7 05 (m. 7H). 6.65 (d. 1H, J = 8 Hz). 5.08 (br.s.. 1H), 4.84 (s. 1H). 3.75 (s. 3H^ 3 54 (s. 6H). 
Ill t. 4^,. 2 86 m. 1H), 2.i (m. 2H), 2.24 (s, 6H), 2.04 (br.s.. 2H). 1.61 N,*^" '^^^^^^^^^^^ 

156 5 1552 1481 1456. 140.4. 133.6. 128.2. 126.9. 126.2. 120.5. 1197. 116.4.. 115.5. 110.7. 101.4, 55.5. 55.3. 
53 9. .SC 7. 37 4. 34.6, 31.5. 27.0. 18.2: HRMS Gated, for C33H43N«06 (M+H): 591 3183. Found: 591.3161. 

p.= ,pipiB ■« 1 4.Dihvdro-4.f:^lfTf3-U-cheP>Hpin6rldin-l-vl i nroiivllaminolcarbonvnaminolPhenvl1-8 . 6-di 
ijlnedicaiboxtflic aad. dlm athvl ester, fumarate salt 

This compound was isolated as a light yellow solid in 18% yield (method A): mp 210 =C; 'H NMR (DMSO-ds) 8 8.92 
(S 1H1 a 80 (S^ 1H). 7 35-6 97 (m, 9H). 6.68-6.66 (m, 1 H). 6.98 (s, 2H), 4.87 (s. 1H). 3.57 (s. 6H), 3.33-3.29 (m. 2H). 

3 -5 ' H(m 2H) 2 81-2 47 (rn. 5H). 2.27 (s. 6H). 1.88-1.74 (m. 6H): ^^C NMR (DMSO^g) » 167.5. 167.4. 155.5. 
148 r U56'l452 140 134.8. 128.5, 128.2. 125.6. 126.3. 119.7. 116.5. 115.5 101.4. 54.5. 52.6. 50.6. 36.9. 31.2. 
25 8. ^82 Anal Calcd. tor CzH^oN.Oj • 1.0 C,H,0, • .1.6 HaO: C. 61.28; H. 6.74; N, 7.94. Found: C. 61.68: H. 6.57; 

N. 7 54 . 

E^a pipip -ifi 1 4.Dihvdro-4-f3-im3-(4-hvdroifv-4-Dhenvioi P «'ririin.i.vnDrBov»aminoicafbonvn aminolphenvn-g . e-dime- 

(hwl.a S-wridino diearfaowlic arid dimethyl ester, tumarale salt 

Th.c --a'mpound was isolated as a light yellow soBd in 53% yield (method B): mp 238-242 'C: ^ H NMR (DMSO^g) 
SB8»(l IHI 850 (S iH).7 34(m.6H).7.04(m.2H),6.66(d.1H,J = 7.6Hz).6.61 (s, 2H), 6.23 (t. 1H, J = 5.6 Hz). 

4 83 H) 3 34 (m 10H) 2 49 (s. 1H), 2.20 (m. 7H). 1.79 (m, 4H); '^C NMR(DMS0-d6) 6 167.5, 166.0. 155.5. 148.2. 
145 6 140 1 134.0 128 2. 126.9. 124.5, 120.0. 1 16.6. 1 15.6. 101.4. 67.8. 56.0. 53 9, 50.7. 48.5. 36.4. 35.2. 24.9. 18.6. 
13 2. •■.<?.VfSCalcd tcCa^H^N^Oe (M+H): 577.3026. Found: 577.3019. 

^^qmni.. S7 1 4-Dihvdro-4-ttJma.(4^evan«v4^henvtolo e ridin-l.vlloroDvllamino1(»rb()nYnaminolphenYl1-2 . ?-<>'n^ 
3 Vp yrdino dirartioxvlf r arid dimathvl ester, tumafate salt 

Th.r. compound was obtained as a white solid in 53% yield (method B): mp 205-21 0 -C: 'H NMR (DMSO-dj) 68.86 
(s lH) '940(s IN) 7 53 7 33 (m.5H). 7.24-7.22 (m.1H).7.09(s,lH). 7.01 (t.1H, J = 8 Hz). 6.66-6.63 (m.lH). 6.60 
is 2H 5 12 br s 1 H) 4 34 (s. 1 H), 3.53 (s. 6H). 3.1 1-3.07 (m. 4H), 2.52-2.48 (m. 3H). 2.37 (t. 2H. J = 1 1 Hz). 2.24 (s. 
6H) 2 -6-2 01 fm 3H| i 66-1.61 (m. 2H): '^C NMR (DMSO-dg) 6 167.5. 156.3. 155.3. 148.1. 145.6. 140.4. 140.1. 
134 2 129 1 128 2 128 i 125.6, 122.1. 119.8. 116.4 115.5, 101.4, 55.1, 50.7, 50 3,41.7, 37.4. 35.1, 26.7. 18.2; Ana/. 
Calcd hr CasH^sNsO, • i 0 C4H4O4 • 0.4 HjO: C. 62.68; H. 6.23: N. 9.88. Found: C. 62.29: H. 6.16: N. 9.63. 

P > amf; .iP .Sfi 1 4.DihvdrQ-4.(f^-fftia.f4-f3-hvdrnwnhenvnDio ef i d in -1-vllprQPYl1am ino|(;afbonYllamino|phenYn-2 . 6-dime- 
5.) t hvl-3 5-PvrdinR dicarboxvlir acid, dimethyl esler. tumarate sail 

Th« compound was isolated as an oft-white solid in 16% yield (method B); mp 142-148 °C; 'H NMR (DMSOKlg) 6 
838(5 1H) 871 (s. iHi. 729 (m. IH), 7.05 (m. 3H). 5.60 (m. 8H). 4.83 (s,1 H), 3.54 (s, 6H). 3.26 (m. 2H), 3.11 (m. 
2H) 2 M im 2H) 2 50 (m, 3H). 2.24 (s. 6H). 1.76 (m, 6H); '^C NMR (DMSO-de) iS 167.5. 157.5. 155.5, 148,1. 146.7. 
••5 1456 -404 1348 1294 128.2.119.7.117.2.116.5.115.5.113.5.113.2.101.4.54.6,52.7.50.7.31.3,25.8.18.2: 
4, Caicd to. C .jH,f,N,0.i • 10 C4H4O4 • 1 4 HjO: C. 60.22: H, 5.57; N. 7.80 Found: C. 59.84; H. 6.43: N. 7.57. 
H iM.-i .:alcd foi CarH-. '^i'^S (M+H): 577.3026. Found: 577.3013. 
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gxamoie 59; 1 4>Dihv(fr6-A>[a.[frf3-/4>naphthalen-1'Vl pinerid}n>1-vnDroovnaminolca^^ 
^ S-ffyri ^ ip e ^ ; iigarbQxvlic ac lr!, ^'niftthvl ester fumarate salt 

• his compound was isolated as a white solid In 25% yield Method B): mp 214-218 NMR (DMSO-de) « 8-88 

is IH) 8 79(s 1H) 8 17 {d/lH. J = 8Hz)7.93-7.91{m.1H); 779-777 (m.1H). 7.58.7.27 (^^ 

5 67-6 64 (m 2H) 6.56 (s. 2H), 4.85 (s. 1H). 3.54 (s. 6H); 3.47.3.30 (m. 2H). 3.15 (br s. 2H). 2.83-2.81 (m, 4H), 2.67 
(m IH) 2.25 (s. 6H). 2.03.1.97 (m. 3H). 1.78.1.76 (m. 3H); ^^C NMR (OMSO^s) 6 167.5, 155.5. 148.1. 145.6. 140.9. 
140 5 134 8' 133.5. 130.8. 128.8. 128.2. 126.7. 126.1. 125.7. 125.6. 122.9. 122.4. 1197. 116.5. 115.5, 101,4. 54.5. 
52 7 50 6. 36.9. 35 2. 30.9. 25.7.18.2; Anal, Calod. for C36H42N4O5 • 1.0 C^H^O^ • 1.0 HjO: C. 64.50; H. 6.50; N. 
7 52 Found: C. 64.24. H 6.33: N. 7.31. 

Example 60: 4-f3-fm3-M-f1 r.Biohenv|.3-vnoiperidin -1>vnDroDvi1amtnolcarbonyl]aminQl PhgnvlM.4-dihvdrQ-2.6-dime- 

^hyi-.-^ '^ -pyridine dicarbox vlic acid, dimethyl ester 

"his compound was isolated as an off-white solid in 6% yield (method B): mp 108-112 °C; NMR (DMSO^s) ^ 

8.85 (S IH) 8.33 (S IH}. 7.65 (m. 2H),7.40 (m.-6H), 723 (d. 2H. J = 8 Hz). 7.10 (s. IH). 7.01 (t, IH. J = 8 Hz). 6.65 
(d H J = 6 Hz) 6 05 (rn. IH). 4.84 {s. IH). 3.54 (s. 6H)1.3.10 (m. 2H). 2.98 {m. 2H). 2.55 (m. IH). 2.33 (t. ZH^J^J 
Hz'. 2 24 (s. 6H). 1 98 (m. 2H). 1.67 {m. 6H): ^^C NMR (OMSO-dg) 6 167.5. 155.2. 148.1. 147.1. 145.6. 140.3. 128.9. 
1280; 128.2. 1273 '126.8. 125.8, 'l25.3. 124.5. 119.7.' 1 16.4. 115.4. 101.4. 55:8. 53.9. 50.7. 42.1. 33.1. 27.2. 18.2; 
■Ar.3: ::alcd. for C.oH^^N^Os - 0.8 HjO: C. 70.09; H. 7.06; N. 8.60. Found: C. 69.76; H. 7.1 1 ; N. 8.62. 

PicamnleSl 1 4.D>hvdro-4.fa>frff3-f4-(ohep yimethvh-ojDefidin0.vnDroovnaminQlcarbonv^ 
fi-pyririinpriicarboxvlic add, dimethvl ester, tuniarate "salt 

■his corrpound was isolated as a tan solid in 58% yield (method B): mp 223-227 -C; 'H NMR (DMSO-de) i) 8.89 
(S IH) 8 84 (S 1 H) 7 29-6.98 (m. 8H). 6.68-6.62 (m. 2H).:6.54 (s. 2H). 4.83 (s. IH). 3.54 (s. 6H). 3.22.3.19 (m. 2H). 
3 09 3..O8 :m. 2H). 2 76 2H. J= 7Hz). 2.51-2.47 (m. 4H). 2.24 (s. 6H). 1.70-1.52 (m. 4H). 1.41-1. 13 (m.2H): -^3C NMR 
(OM:>0-di:) 167.5. 16 ' 5. 155.6. 148.1. 1457. 140.5. 139.9. 134.9. 129.1. 128.3. 128.2. 125.9. 119.7. 116.5. 115.5. 
101 4 54.2:51.9.50.7 41.6. 36-8. 35.7.29.7.29.4.25.3; 18.4; /\na/.Calcd. for C33H42N4O5 * I.OC4H4O4 • 0.5 HjO: 
'' C. 6:- 50. H. 6.77 N 8 31 Found: C. 63.14; H. 674; N. 776.* 

Ex aj npie 62. 4-f3.fm3. t4 ■cvdQhexvl-1-pberidinvhDrQOvnamino1carbonynam lnolPhenvll-1.4-dihvdro-2.6-dimethvl-3.5- 
pyna inedicafboxvlic acid, dimethvl ester, hydro chloride salt 

'his compound was isolated as a white solid in 6% yield (method B): mp 198-200 ''C (dec.); ^H NMR (DMSO-dg): 
10 05 (bf s 1 H^ 8 98 's. 1 H). 8.79 (s. 1 H). 726 (d. 1 H. J = 8.1 Hz). 709 (s. 1 H). 7.01 (t. 1 H. J = 8.1 Hz). 6.65 (d. 
• 1 H » - 7 8 Hzy 6 54 n 1 H. J = 5:7 Hz). 4.83 (s. 1 H). 3.54 (s. 6 H). 3.43 (d. 2 H. J = 12.0 Hz). 3.13 (m. 2 H). 2 99 (m. 
2 H^ 1 79 (m. 2 H). 2 25 (s. 6 H). 1.80 (m. 4 H), 1.62 (m. 8 H). 1,25 (m. 2 H), 1.14 (m. 2 H). 0.90 (m. 2 H); ^^C NMR 
(DMSO.dfe)o 167 5M55 S. 148.1, 145.7 140.3. 128.2. 119.8. 116.5. 115.4. 101.3. 54,0. 52.1. 50.6.41.4. 38.4. 36.4. 
29 4 25.1 26.0. 24 5 13 2. Anal Calcd. for C32H46N4O5 • 1.0 HCI • 1.5 HzO: C. 60.99: H. 8.00; N. 8.89. Found: C. 
60 H. 7 74: N B 79 

f=yai TTple fi3 1 4-dihvdrc-4.|3-r[fl3-f4-hvdrQxv-4-(2.phenQxvPhenvlM -DiDeridinvn oroDvllaminolcarbonvnaminolDhenytl- 
2 p-di methvl-3 5-ovridinedicarboxvlic acid dimethvl ester, hydrochloride salt 

•^is compound was isolated as a white solid in 23% yield (method B): mp 1 45-1 55 ^'C; ^ H NMR (DMSO-dg) d 9.69 
(bi £ 1 H). 8.95 (s. ' 8.77 (s. 1 H). 7 71 (d. 1 H. J = 6.9 Hz). 7.39 (t. 2 H. . = 7.8 Hz). 71 1 (m, 8 H). 6.64 (t. 2 H. J 
« n 4 Hzi. 6.55 (br s. ' H). 5.63 (s. 1 H). 4.82 (s. 1 H). 3.53 (s. 6 H), 3.28 (m. 4 H). 3.09 (m. 4 H). 2.71 (t. 2 H. J - 12.6 
Hzl. 2.23 (s. 6H). 1 80 (m.*4 H); NMR (DMSO-dg) 6 167.4. 155.6. 155.5. 154.2. 148.1. 145.7 140.2. 130.0. 128.8. 
128:2 127 5. 1236 123.0. 119.7 118.6. 116.4. 115.4. 101.3. 68.0. 50.6. 48.1. 38.4. 36.4. 32.7 24.6. 18.2. Anal 
Calfd for C5qH4^N.,C- • HCI • 2 HgO: C. 61.57; H, 6.66: N. 7.56. Found: C, 61.51; H. 6.57; N. 7.32. 

gxai nole 64: 1 ■4-D.hvdro-4-f3-fm3.| 1 2.3.6-tet rahvdro-4.f3-methcxvohenyODYridin-1 -vnpropyllaminolcafbO- 
nvlla minolohenvn-2.6- dim&thvl-3.S-ovridine dicarbQxvtic add, dimethvl ester 

This compourw wasi isolated as an orange solid in 16% yield (method B). mp 95-100 *»C; ^H NMR (DMSO-de) 6 

8.86 (5. f H). e 36 IS. IH). 7 1 1 (m. 6H). 6.8 (d. IH. J = 8 Hz). 6.64 (d. IH. J = 8 Hz), 5.00 (m. 2H). 4.83 (s. IH). 3.74 
(s. 1 H) 3,54 (s. 3H) 3 (s. 6H). 3.10 (m. 2H). 2.48(m. 1 IH). 2.24 (s. 3H). I.61 (m. IH); HRMS Calcd. for C33H4,N406 
(M-I.H). 589 3026 "^ounft 589 3033 
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Example 65: i 4.Dihvdro-4W3-f[rf3>(1.2.3.6-ifilrahvdrQ-4-o hanvtPVfidinO-vnpfQD^ 
(;|i mfthyl-3 5-pyridine dicar faQxvtic acid, dimethyl ester fumaric salt 

This compourxJ was isolated as a yellow solid in 42%, yield (method B): mp 130 "^C; NMR (CPCI3) 6 7.36-7.20 
(m 6H), 7.06-6.91 (m. SH). 6.30 (s. 1H). 6.01 (s, IH); 5.52 (5. 1H). 4.94 (s. 1H). 3.59 (s. 6H). 3.25-3.25 (m. 2H). 3.09- 
3.08 (m. 2H): 2.67.2.63 (m. 2H). 2.52-2.47 (m. 4H), 2.23 (s» 6H). 1.74-1.68 (m. 2H): ^^C NMR (DMSO-dg) 5 .168,1. 

. 156.5. 148.6. 144.8. 140 5. 138.9. 134.9.. 128.7. 128.3. 127.1. 124.8.-122.8.. 121 .4. 119.9. 118.7. 103.3. 53.1. 50.9. 

. 50.1. 39 2. 27.7. 26 9. 19.3. ^nai. Calcd. for C32H3eN405 • 0.4 C4H4O4: C. 66.69; H. 6.60; N. 9.26. Found: C. 66.29; 
H. 3.36: N. 9 70: HflUS Calcd. for C32H39N405 (»^+H): 559.2921 . Found: 559.2908. 

Examolfe 66: 1 4-Dihvdro-4.f3-ffrf3-f1 .2.3 frtetrahvdrQ-4 -r3-hvdrQxwhenvnDvrldinelDropvnamlnolcartX>nvl 
nvi1-2.6-dimethvl-3.5-Pvridine dicartaoxviic acid, dimethyl ester ... 

This compound was isolated as an orange solid in 39% yield (method B): mp 232 "C. 

Examole 67: 1 4-D(hvdro-4-f34[[3>n .2.3.6-tetrahvdro-4-n -naDhthalenvlVI-oyridinvnDroovnaminolcarbQnvtlarriinolDhe- 
nYl-2.6-dimethvl>3.S-Dvridinedicart>oxv»e acid, dimet hyl ester, lumaric salt 

This compound was isolated as a tan sofid in 24% yield (method B): mp 225 *C. NMR (DMSd-dg) 6 8.91 (s. 1 H). 
8.68 (s. 1 H). 8 04-8.01 (m. IH). 7.96-7.93 (m. IH). 7.88-7.85 (m. IH). 7.54-7.47 {m. 3H). 7.34-7.30 (m. 2H). 7.15 (s. 
IH). 7.05 (I. IH. J 8H2). 5.70-6.67 (m. IH). 661 (s. 2H). 6 47 (brs. IH). 5.74 (s. lH). 4.84 (s. IH). 3.57-3.53 (m. 8H). 
3.20 (s. 2H). 3 n (s. 2H). 2 36 (m. 2H). 2.51 (ty s. 2H). 2.28 (s. 6H). 2.06-1.83 (m. 2H): Anal. Calcd. tor C35H40N4O5 
• 0 C.,Ha04 • 1 3 H^^O • 3.1 CaHcOH: C. 64.79; H. 5.96: N..7.26. Found: C. 64.53; H, 6.26: N. 7.06:. HflA4S Cajcd. 
for CjgHa^NAOs (M+H) 609.3077. Found: 609.3067. 

Example 68: 1 4-Dihydro-4-f3-fm3-(4-Dhenvi- 1 ■oiDeridi nvltorQoyl1aminolcarbonvnaminolDhenvl]-2.6-dimethYl-3.5-Pvri- 
dinedicarboxvlic acid, ethvl m ethvl ester hydrochloride salt . 

This compound was isolated as a tan solid in 48% yield (method A): mp 88-92 "C; ^H NMR (DMSO-de) 6 8.94 (s, 
IH^. 3.80 (s, IH). 7 25 'm. 6H). 7.10 (s. IH). 703 [I IH. J=7.6 Hz). 6.55 (d. IH. J=7 1 Hz). 6.30 (br s. IH). 4.81 (S. IH). 
3 98 (m 2H). 3 52 (S, 3H) :3 21 (m. 2H). 3.06 (m. 6H). 2.75 (m. 2H). 2.24 (s. 3H). 2.23 (S. 3H). 2.10 (m. 2H). 1.88 (m. 
3H...,I 2-J.(t.3H ./»6 7H2: • 

F>ampl6 69- 1 4-Dihvdro>4-[3-(f[f3-(f4-Dhenvlm6thvn-l ^^iDeridinvi]DrQDvnaminQ1ca^t>QnvliaminQ]phenYl^i6-dimetf^Yl^ 

3 fi -oyridinedie afboxviic add, ethyl methvl ester, fumarate salt 

This compound was isolated as a white solid in 57% yield (method A): mp 228-230 "C; ^H NMR (DMSO-de) « 8.89 
(s. IH). 8 82 (s. 1H). 7 30-7 14 (m. 6H). 7.09 (s. IH). 6.99 (t. IH. J - 7.8 Hz). 6.65 (m. 2H). 6.57 (s. 2H). 4.81 (s. IH). 

4 04-3 93 (m. 2H). 3 52 (s. 3H). 3.40-3.33 (m. 2H). 3 31 -3.09 (m. 2H). 2.92-2.87 (m, 2H). 2.69 (t. 2H. J = 1 1 Hz). 2.52- 
2 47 (m 2H). 2.24 (d. bH .-. 3Hz), 1.80-1.65 (m. 5H). 1.5M.39 (m. 2H). 1.13 (t. 3H. J = 7 Hz); ^^C NMR (DMSO-de) 
.> 157 .5. 167 0 166 9. 155 5. 148.3. 145.6, 145.2, 140.3. 139.6. 134.5. 128.9. 128 3. 128.0. 125.9. 119.9. 116.6. 115.4. 
10 ' .7. 101.3. 58.9 53 8. 5' 4. 50.6. 41.3. 36.5. 35.1. 28.7. 24.9. 18.2. 14.3; HRMS Calcd. tor C34H45N4O5 (M+H): 
.58<9.3390 Found: 589 3378 

Example 70. 1 4-DthvdrQ-4-f3-ffrf3-f4-hvdrQxv-4-f2-methoxvPhenyn-oiD&ridin-1 -YnDroovlla minolcarbonvllaminolDhe- 
nvn-2.6-drmethyl-3.5-oyridinedicafboxvlic 3 giri Pthvl methyl ester, hydrochloride 

This compound was isolated as a light yellow solid in 53% yield (method B): mp 210-215 *C; ^H NMR (CDCI3) 6 
9 98 (brs. 1 H). 8.34 (s, IH). ? 39-7.12 (m. 4H). 7.07-6.85 (m, 4H). 6.63 (S, 2H). 4.90 (s. IH). 4.06-3.99 (m. 2H). 3.88 (S. 
3H». 3 57 (s. 3H). 3.28-3 20 (m, 6 H. 2.98 {brs. 2H). 2.52-2.50 (m. 2H). 2.31-2.26 (m. 6H). 2.15-2.11 (m. 2H). 1.96 (m. 
2H|. 1 l.B (t. 3H. J 7Hz; ^ NMR (CDCI3) 6 168.3. 167.9. 157.7. 156.7. 148.8. 154.2. 144.9. 139.0. 131.8, 129.3. 
i;2f?2. rlS5. 122.5. I2i «. 118.5. 117.1. 111.4. 103.4, 103.0.68.9.59.8. 55.5.54.5. 50.9. 48.9.39.2.36.2, 33.3, 19.4. 
14 3: Ai it Calcd tor C34H.„N407 • 1.0 HCI • 1.0 H20:C. 60.48; H. 7.02; N. 8.30. Found: C. 60.87: H. 7.23: N. 8.05. 

Example 71 . 1 .4-Dihvdro -4-r 3-frrr3-f4-hvdrQxv-4-(3-methoxvDhenvn-piDeridin-1 -vnoro Dvl)aminolcarbonvnamino1ohe- 
nvH-2.6-dimethyt-3 S-Pvridinedicarboxvlic acid, ethvl methyl este r fumarate salt 

Thus compound was partially purified in 5% yield (method B): mp 210-214 '^C; 'H NMR (DMSO-de) 6 8.85 (s. IH). 
8e0(s. H) 7 39-7 20 (ni ?H). 7 11 {s. IH). 7.03-6.98 (m. 3H). 6.81-6.78 (m. IH). 6.67-6.65 (m. 2H). 6.55 (s. 4H). 4.80 
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{S. 1H). 4,04-3.91 (m. 2H). 3.73 (S. 3H). 3.53 (S. 3H). 3.26-2.97 {m. 8H). 2^4-2.19 fm. 8H). rdM.69 (m. 4H): NMR 
(DMSO-dd 6 167.5. 167,3. 167.0. 159.1. 155.5. 150.1. 148.3. 145.6. 145.2. 140.4. 134.8. 129.1, 128.1. 119.9. 116.8. 
116.7. 115.5, 111.9. 110.7. 101.8. 101.3. 58.4, 59.0. 54.9. 50.6. 48.2, 35.4. 25.1, 18.3. 14.3; HRMS CaJcd. for 
C34H45N4O7 (W+H): 621.3288. Found: 621.3304. 

Examole 72: 1.4.Dthvdro-4>r3>f^p-f4V3-mgthoxvphe nvlVl-piDeridinvilBthvf) 
thvl.3 Sotfridinedicartxixvlie acid dimeth yl ester hwdroehlorida 

Tbis material was obtained as a aeam sdid in 77% yield: mp 1 15-120 °C: NMR (DMSO-ty 6 10,14 (br s. 1H). 
8.96 (s. 1H). 8.69 (s. 1H). 7.27 (m. 2H). 7.15 (s. 1H). 7,05 (t, 1H. J s 7.8 Hz), 6.82 (m. 3H). 6.68 (d. IH. J s 7.8 Hz), 
6.52 (m, IH). 4.86 (s. 1H). 3.75 (s. 3H). 3.63 (m. 2H). 3.56 (s. 6H), 3.51 (m. 2H). 3.17 (m, 2H). 3.07 (m. 2H). 2.79 (m. 
1H), 2.26 (S. 6H), 1.98 {m. 4H): '^C NMR (DMSO-Ofe) 5 167.4, 159.4. 155.5. 148.1. 145.8, 145.6. 140.0. 129.6. 128.2. 
120.0. 118.6, 116.7. 115.6. 112.6. 111.7. 101.3. 56.3. 54.9. 52.4. 50.6. 38.4. 34.2, 29.8. 18.2. Anat. Calcd for 
C32H4oN406 • HCI • 0.5 HjO - 0.25 CH^: C, 60.04; H, 6,67; N. 8.68. Fourrl: C, 59.87; K 6.27; N. 8.40. 

Examola 73: 1 4.Dihvdro-4-f3-mr4«f4> f3-methQxvnhenvlV 1 'DiDeridinvl1butynaminoteart)onvl1aminolDhenvl^2.6<limfr 
ihvl'3.S-pyf idinedicaftaoxYfic acid, dimethyl ester hyrirnchloridft 

This corrpouxl was oWainQd as a wNte sdid In 53% yield: mp 125-1 30 *C; ^ H NMR (DMSO-cfe) 5 1 0.29 (bf s. 1 H). 
9.01 (s. IH). 8.96 (s. IH), 7.26 (m. 2H), 7.11 (s. IH). 7.03 (I. 1 H. J= 7.8 Hz). 6.82 (m. 3H). 6.65 (d. IH. J =7.8 Hz). 6.42 
{t. In, J - S.7 n2). 4.35 (s, In), 3.74 (s. 3n), 3.56 (s, oH), 3.53 (m, ZH). 3.10 (m. 4Hj. 3.01 (m, 2H). ;;.79 (m, IH), 2.25 
(S. 6H). 2.03 (m, 4H). 1.75 (m, 2H), 1.47 (m. 2H): NMR (DMSO-t^s) 6 167.4, 159.4. 155.4. 148.1, 145.9. 145.6, 

140.4. 129.6. 128.2. 119.6. 118.6. 116.3. 115.3. 112.6. 111.7.55.6. 54.9.51.9. 50.6. 38.7.38.3. 29.7.27.1.20.7. 19.1. 
18.2. AnaK Calcd for C34H44N4O6 • HQ • 0.75 HgO: C, 62.38; H 7.16; N, 8.56, Found: C. 62.51 : H. 6.82; N, 8.20. 

Example 74: Quaternary Salt Formation 

1-{3^II[1.4-Dihydro-3.5-bls(methoxycarbonyO-2.6K3lmethy!-4-pyridinynphenyl]aminoIcarbon 
methoxypheny1)-1-fnethy^iperidinium iodide. A solution of the Formula I base of Example 50 (743 mg, 1.26 mmol), 
excess methyl iodide (5.79 g. 40.8 rT¥noO, and 25 mL of THF was stirred at room temperature for 3 days. After the adcfi- 
tion of EtaO (50 mL). the solid was collected by filtralion and then recrystaDized from aq /-PrOH to furnish 545 mg (0.745 
mmol, 59% yield) of quaternary product as a yellow solid: mp 222-224 "C (with gas evolution): ^H NMR (DMSOoy 8 
8.84 (s. IH). 8.45 (s. IH). 7.27 (m. IH). 7.23 (t IN. J=8.2 Hz). 7.07 (m. IH). 7.03 (1. IH. J=7.9 Hz). 6.90 (m. 2H). 6.79 
(m. 1H). 6.66 (d. IH. J=7.7 Hz). 6. 17 (brt. IH. J=5.8 Hz). 4.84 (s. 1 H). 3.74 (s. 3H). 3.54 (s. 6H). 3.52 (m. 2H). (m. 4H). 
3.15 (m, 2H). 3.10 (s, 3H), 2.80 (m. 1H), 2.23 (s. 6H), 2.06 (m. 2H). and 1.91 (m. 4H); ^^C NMR DMSOoy 5 167.5, 

159.5. 155.3, 148,1. 145,5, 145.4, 140.1. 129.5. 129.2. 120.0. 119.2. 115.6. 115.6, 112.8. 111.9, 101.4, 65.6. 60.1. 
55.1. 50.7. 43.7. 38.9. 38.5. 36.5. 26.7. 22.8, and 18.2. Anai. Calcd for C34H44N4O5 • I: C. 55.82; H. 6.06; N. 7.66. 
Found: C. 55.49; H, 6.35; N. 7.47. 
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3 8 is NR' 

Example 75: l 4-Dihvdro-4-[3.fm3W4-f3>methcMcvoh6nvl) 0 -niDerkjinvllDf«3^^^ 
riimethvl>3 S-p yfiriinPdrcarboxvlicacid. dimethvl ester hvdfQChiQride . 



/f- 




2 , OMe; 



O Me 




Ge neral CouolinQ Procedure 

4C A solution of the isocyanate 1 (10 mmol) arxJ the appropriate amine 2 (T2 mmol) in CH2CI2 (500 mL) was stinred 
for 3 n at room lerrperature. After concentration in vacuo, the residue was purified by chromatography (SiOg: 
MeOH CHjCIj). This material was taken up in EtOAc and an equimolar quantity of 1 N HCI in EtgO was added in a 
dropwise fashion to form the salt. Additional EtaO was subsequently added and the resulting precipitate collected by 
filtration and dried overnrght to furnish the hydrochlorides salts. In this manner the following compound was obtained as 

4t a white solid in 43% yteld: mp >130 -C (dec): NI^R (DMSO-ofe) 6 10.58 (br s. 1 H). 8.96 (s. 1H). 8.25 (s. 1H). 7.23 
(m 3H}. 7.03 (t. 1H. J = 7 3 Hz). 6.79 (m, 3H). 6.70 (d. IH. J = 7.5 Hz). 4.85 {s. 1H), 3.72 (s. 3H). 3.53 (m. 8H). 3.37 
(m 2H) 2 98 (m. 4H). 2.95 (S. 3H). 2.77 (m. IH). 2.24 (s. 6H). 1 .99 (m. 6H): ^^C NMR (Dl^SO-dg) 6 167.5. 159.4, 155.7. 
U '.9. 146 0. 145.7. 140 2 1 29.7. 127.7. 120.8. 119.2. 118.7. 118.4. 112.7. 111.8. 101.4. 55 0. 53.7. 52.0. 50.7. 45.4. 
38 3. 38 5. 34 4 29.8. 22 0 15 2. Anai. Calcd for C34H44N4O6 • HCI • HjO: C. 61.95: H. 7.19; N. 8.50. Found: C. 

it 62 18: H 7 26 N. 6 44 
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4. B isO 

gxf ^mpie 76: 1 4-Dihvdfo-443>ff[[a4A.f3-me1hoxvt^envlV1- P inefidinN^lDroDViloxvlcart^^^ 
5>pvridinedif arboxvHc a<? fi dimftthvl ester hydrochloride 




Qg neral CouPlinQ P rocedure 

A solution of the isocyanate 1(10 mmol) and the appropriate alcohol 3 (12 mmol) in CHjCtz (500 ml) was stirred 
lor c- h at room temperature. After concentration in vacuo, the residue was purified by chromatography (SiOg: 
MeOHiCHjCIa) This material was taken up in EtOAc and an equinx»lar quantity of 1 W HCI In EI2O was added in a 
dropwise fashion to form the salt. Additional EtgO was subsequently added and the resulting precipitate collected by 
filtration and dried overnight to furnish the hydrochlorides salts. In this manner the following compound was obtained as 
a wh.te solid in 64% y.eld mp 120-132 "C: NMR (DMSO-dg) 6 10.69 (br s. 1H). 9.62 (s. 1H). 8.99 (s. 1H). 7.25 (m. 
3H) 7 10 <t 1H. J « 7 5 Hz). 6.79 (m. 4H). 4.86 (s. 1 H). 4.15 (t. 2H. J = 6.0 Hz). 3.74 (s. 3H). 3.57 (m. 2H). 3.55 (s. 6H). 
3 14 (rr.. 2H). 3.01 .n. 2H). 2.79 (m. 1H). 2.26 (S. 6H). 2.12 (m. 4H). 1.97 (m. 2H): '^C Nf^R (Df^lSO-ds) 6 1 67.8. 159.9. 
153 MS B. 146 2. 139 2. 130,0. 128.7. 121.5. 119.0. 117.5. 116.2. 113.0. 112.1. 101.6.61.8. 55.3. 53.7. 52.4. 51.0. 
38? 30.1 23.7 It: 6 CalcdforC33H4iN307 • HCI • H2O: C. 61.34: H. 6.86: fM. 6.50. F=bund: C. 61.29; H. 6.85; 
N.e39 

All can be seen the desired Formula I product may be obtained by appropriate selection of starting isocynate. 
amine or alcohol. One sKilled in the art of organic synthesis would know how to select and react the required reagents 
to D»t>duct the desired Forrmila I product. 
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Scheme 1 

General Processes for Compound (\) Synthesis: B is a Chemical Bond 




(I) 




j |£lO),POCHjCO,H 

t OCC. 2*«nercapni:hiazofine 
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Scheme 2 

General Processes for Compound (1) Synthesis: B is NH 

T T ? 




(IV) (xxivo 




(0 
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Scheme 3 

Modified Processes for Compound (\/) Synthesis 



. R2 and/or r3 CN: 




(XIV) (V) 
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S^cheme 4 

Preparation of H-Z Compounds of Formula /X) 



A. General Syntheses 



o 



0 

H 

(Xa) 



1) p-TsOH 

2) H2/Pd(OH)2 



n-BuLi 



XVIa R-CHaPh 
XVI b. R-C02*8u 



(R=CH2Ph: XVa) 



HO. R' 



R 

(XV) 



Pd-C 
H2 



HOAc 
(R=CH2Ph: XVa) 



TFA 



(R=C02tBu. XVb) 



6 



HO n' 

■ 6 



N 
H 



(Xb) 



(XC) 
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Scheme 4 (continued^ 
Preparation of H-Z Compounds of Formula (X) 



10 

B. Specific Example Syntheses 
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Scheme 5 • 



Specific Syntheses for Selected Co mpounds of Formula I: R5=0H 



NaH 

. p« ailyl bromide 



NO} 



DMF 




NH} 



Fe/NI 



. R'l 



aq. alcohol 



(V: R*»anyl) 




See Schemes 
1 and 2 




HOAc/NaOAc 



(X) 




(II) 



45 




o 

X 



(: fl*=OH} 
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Scheme 6 

Quaternization-of Selected Formula I Compounds 
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Claims 

1 . ^. compound ot Formula I and its pharmaceuticalty acceptable 



3t' 



R^OaC 




(I) 



<^cid addition salts or hydrates thereof, wherein 
R' is lower alkyi; 

and are irxJependently selected from cyano and lower alkyl; 
R^ is selected from •C02R\ cyano and 



Me 



R'^ IS selected from hydrogen, halogen, hydroxy, lower alkyl. lower aikenyloxy and lower alkoxy; 
B is NH-. -NR' •. -O- or a covalent bond: 
n IS an integer selected from 2 to 5: and 
Zis 



X© 

R^ 



HPd 



R^ IS hydrogen, hydroxy or cyano; and 
R* IS C^.7 cyctoalkyi. 




OR' , 
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anc 




with m being zero oi an integer from 1 to 4; and 

R** and being independently selected from hydrogen, lower alkyl. C3.7 cycloalkyl. lower alkoxy. lower alkenyloxy. 
lower alkyrtyloxy, hydroxy, phenyl, phenoxy. NHj, NHCOR\ COjRV.P^j and trifluoromethyl. 

A compound ot claim i wherein B is -NH- or -NR'-. 
A compound of claim • wherein B is a covalerrt bond. 
A a)mpound o* claim ^ wherein B is -0-. 
A .cctmpound ot claim 1 wherein is 



selected from 

1 4.Dihydro.[3-(I[l3-(4-(3methoxyphenyOO-plperidinyl]propyl]aminojGarbonyl]amino]phenyO-2,6-dim^ 
dtnedicart>oxylic acid, dimethyl ester; . ' 

1.4-Oihydro-4-(3-[[(I3-(4-hydroxy-4-(3-methoxyphenyl)plperidinO-yl]propyl)arninolcarbonyllamlno]ph^ 

dimethyl-3.5-pyridine dicartooxyltc acid, dimethyl ester; 

l,4-Dihydro-4-[3-([I|3-|4-(2-methoxyphenyl)piperidin-1-yl]propyt]amino] carbonyl]amlno]phenyll-2.6-dimethyl-3,5- 
pyridine dicarboxylic acid, dimethyl ester; 

1.4.Dihydro-4-[3-[[((3-(4i3henylptperidin-1-yl)propyl]amino]carbonyl]amino]phenyl]-2,6<limethyl-3.5-pyridi 
boxy lie acid, dimethyl ester; 

l.4-Dihydro-4-(3-(in3*(4-hydroxy-4-phenylpiperidin-1-yl)propyl]amino]carbonyil aminolphenyll-2,6"dime1hyl-3,5- 
pyridine dicarboxyHc add. dimethyl ester; 

I 4-Dihydro-2.6<limethyl-4-[3-[[I[3-I4-[3-(2i3ropynyloxy)phenyO-1-[piperidinyllpropyq^ 
nyi]*3.5-pyridinedicarboxylic acid, dimethyl ester; 

i.40ihydro-4-[3-(|[[3-(4<yano-4-phenylpiperdinM-yllpropyllaminolcarbonyl]amino]phenyO-2.6KJimethyl-3,5i^ 
ine dicarboxylic aad. dimettiyi ester; 

i.4-Oihydro-4-[3-{[[[3-[4-(3-hydroxyphenyl)piperidin-1-yl]propyl]aminol carbonyl]aminolphenyl]-2,6-dimethyl-3,5- 
pyridine dicarboxylic add. dimethyl ester; 

1 4.0ihydro-4-[3-((Il3-<4-naphlhalenO-ylpiperidin-1-yl]propyIlanrTino]carboriylJaminolphenyl)-2.6<^ 
dine dicarboxylic acid, dimethyl ester; 

4-(3([II3-(4M 1 r-Biphenyi-37l)piperidinO •yl]propynaminolcarbonyljamino)phenyl]-1 .4-di 
pyridine dicarboxylic acid, dimethyl ester; 

1 4.Dihyd^o■4-[3-((II3•(4Mphenylmethyl)-piperidin-^y^lpropyOamino]carbonyl)ami^o]phenyl-2.6-dimethyl•3.5i)yri 




A compound of claim 1 wherein n is 3. 



A compound ot daim 2 wherein Z is. 
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inedicaiboxylic add. dimethyf ester: 
carboxylic acid, dimetliyt ester: 

1.4-dihydr(>443-{IU3-(4-h>droxy^-(2i5henoxyphenyl)-1-piperidinyf]propyl^ 
diniGthy1-3,Si3yTidinecficarboxyfic acid, dimethyl ester: 
1.4-Dihydro-4-(3-[|I|3-(4i)henyl-li)iperdinyl)propyl]anftinojcart»rrynart^ 
boxyiic add. ethyl methyl ester: 

1 .4-Dihydro-4-[3 -[III3-[(4-pheny1 methyl)- 1 i3<pefidinyl]propyllanTinolcartx)nyl 
inedicartx)xylic acid, ethyl methyl ester: 

1.4-Dihydro-4-[3-{Q3-[4*hydraxy-4-(2-me1hoxypheriyO-piperidirvl-yllpropyl]amino]carbonyl]^ 
dimethyl -3.5-pyridinedicarboo(ylic add. ethyl methyl ester: 
1.4-Dihydro-4-<3-(I[[3-(4-hydroxy^-<3-methoxyphenyl)-p?>eridin-1-yl]pr^ 
dimethy1-3.5-pyridinedicartMxylic add. ethyl methyl ester: 

1 .4-Dihydro-2 , 6-dimethyt-4-(3-(in3-(4-(3-(2-propoxy)phenylI- 1 -piperidinyll-propyllaminojcartwnyllaminolphe- 

nyl|3,5-pyridinedicartX3xyfic add. dimethyl ester. 

1 .4-Drhy*o-443-(Q[2-(4H[3-methoxyphenyO-l -piperidinyqethyllamii^ 

pyridinedicailMxylic acid, dimethyl ester hydrochloride: 

1.4-Drhydro-4-(3-[[I[4-{4H3-methoxyphenyl)-i-pjpefrfinyl]butyl]amino]carbo^ 

dinedicartoxylic add. dimethyl ester hydrochloride: 

1 . 4-Dihydro-4-{3-[Q(3-(4-(3-methoxyphenyl)-l -piperidrnyflpropynmethyjamino]^ 

t^/nS SisyndineuicaitiOjiTiic acid. dimeihyi ester hydrochioride. 

6. A compound of daim 2 wherein Z is 



selected from 

1 .4-Dihydro-4-p-{[[[3-[1 ,2.3.6-tGtrahydro-4-{3-methoxyphenyf)pyridiriO -yl]propyl]ami^ 
2,6'djmethyl-3^S-pyridir>e cficarbaxyQc add, dimethyl ester: 
1.4-Dihydro-4-{3-{II[3-(1.2.3.6-t€trahydro-4-phenylpyridinO-yOpropyOafnino]cartx5ny^ 
3.5*pyrtdine dicarboxyiic acid, dimethyl ester: 

l,4-Dihydro-4-[3-[[I[3-(1,2.3,6-tetrahydro-4-(3-hydroxyphenyl)pyridine]propy1Jamino]carto^ 
dimethyl-3,5-pyridtne dicarboxyiic acid, dmethyl ester: 

1 ,4-Dihydro-4^-([I|3-(l .2.3.6-tetrahydro-4-{l -naphthalenyl)-! •pyridinylIpropyl]amino]cartx)nyl]aminolphenyl)-2.5- 
dimethyi-3.5-pyridinedicarboxyQc acid, dimethyl ester. 

9. A compound of daim 3 selected from 

1 .4-0ihydro-4-{3-[[3*(4-phenylpiperidin*1 -yl}-! -oxo-l •propyl]amino]phenyl]-2,6<fimethyl*3.5-pyridinedicarboxylic 
add. dimethyl ester: 

1 .4-Dihydro-4-(3<{[4-(4-phenylpiperidin*1 -yl)-1 -oxo-1 •butyfIamirx3lphenyfl-2.6-dimethyl-3.5i3yridinedicarboxy1ic 
add. dimethyl ester: 

1,4-Oihydro-443-[[5-(4-phenylp(per{dln*1 -yO-l -oxo-1 •pentyt]amino]phenyl]-2.6-dime!hyl^.&pyridinedicaft)oxyfic 
add. dimethyl ester: 

1 ,4-Oihydro-4{3-(I6-(4-phenylpperidin*1 -yl)-l -oxo'l -hexyl]amino]phenyl)-2,6-dimethy*-3.5-pyri(Snedicartx}xylic 
add. dimethyl ester: 

1 ,4Dihydro-4-[3-{(5-(4-hydroxy-4-phenylp^eridlrv 1 -yOO -oxoO -pentyllamirmlphCT 
cartxjxylic acid, dimethyl ester: 

1 .4-Oihydro-4*[3^5-(4K7ano-4-pheriylpiperidirv1 -yl}- 1 H>xoO •pentyqamino]phenyl]-2,6Kiim 
boxyiic add. dimethyl ester: 

1.4*Dihydro-4-[3-[II4-[4-{3methoxyphenyl)-1 i3iperldinyl)butyl]carbonyl]aminolphenyl]-2,6-dimethyl-3,5-pyridinedi* 
cart^xyfic add. dimethyl ester. 

10. The compound of daim 4, l.4-dihydro-4'[3-(flI3-(4-{3-methoxyphenyl)-l-piperidirTyl]propyl]oxy]cait)o- 
nyl]amino]phenyl]-2.6KJimethyl-3.5-pyridinedicarboxylic add. dimethyl ester hydrochloride. 

11 . A compound of daim 7 selected from 
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1 4.Dihydro-4.(3-[([[3-(4-.:3-methoxyphenyl)piperldin-1-yl]propynamino]carbo^^^ 
pyridinedicartX5xylic acid, dimethyl ester; ... 

i.4-Oihydro-4-[3-([[(3-(4-(2-methoxyphenyl)piperidinO-yl]propyllamino)cartx)nyl)ami 

pyridinedicartXDxylic acid, dimethyl ester; 

i.4-Oihydro-4-[3-[[I[3-[4-(3-hydroxyph8riyl)pip8ridin-1*yl]propylJaminolcarbonyl)amino^^ 
. - pyfidinedicartxjxylic acid, dimethyl ester; . . . -i . - : , • 

l.4-Oihydro-4-(3-[[[{3-(4-naphthalenylpiperidin07l]propyl)amino]cafbonyl]amirio]phenyl]-2,^ 
. edicarboxylic acid; dimelhyt ester; 

4>(3'[([[3-(4-cyclohexyi- 1 -plpendinyl)propyI]arTiinoIcarboriyl]amino]phenyi]- 1 
cartxjxylic add. dimethyl ester. 

1 2.. A compound of daim 8 selected from , 

l.4-0ihydro-4-[3H[[I3^i.2,3.6-tetrahydro-4-(3-methoxyphefiyl)pyricfin-1-yl]propyl)ami 
2.6-dimethyl-3.5-pyridinedicarboxyiic acid, dimethyl ester; 7: 

1 .4-Othydro»4-[3-([[3-(i ,2.3.6-tetrahydro-4-(1 -naphthalenyljpyridin-l -yllpropyl] amino]carbonyl]aminolphenyl-2.6- 
dimethyl-3 .5-pyridinedtcarboxylic ac«i. dimethyl ester. 

1 3. A cnmpound of daim 2 wherein Z is > ' . 




1 -[3 ([(11 .4-Dihydro-3.5-bis(nriethoxycarbonyl)-2.6KJimethyl-4-pyridinyl]phenynamirio]cafbonyl]a 
methoxyphenyl)- 1 -methyiplperidinium iodide. 

14. The use of at least one conpound of any of daims 1 to 13 tor preparing a pharmaceutical composition for promot- 
ing weight loss and treating eating disorders, 

.15; A pharmaceutical composition which comprises at least one compound claimed in any of claims 1 to 13 in combi- 
nation with a pharmaceuticatty acceptable carrier. 
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Bristol-Myers Squibb Co 



New dihydropyridine derivatives are neuropeptide-Y antagonists - useful for promoting 
weight loss and treating eating disorders. 

Drug Activity: Anorectic; Eating-Disordcrs-Gen.; Hypotensive; Tranquilizer; Sedative; Antidiabetic 
Mechanism of Action: Neuropeptide- Antagonist-Y 

Compound Name: None Given 




Use : For promoting weight loss and treating eating disorders (claimed), hypertension, anxiety, sleep disorders and 

diabetes. 

Dosage : 0.05-1 mg/kg parenterally or 1-20 mg/kg orally. 
Advantage : None given. 

Biological Data : Compounds of the invention were assayed in SK-N-MC human neuroblastoma cell membranes 
using *^I-labeled I-PYY as a radioligand. Results show that compounds had IC-w values of < 10 pM at NPY-Yi 
receptors. 

Chemistry : Dihydropyridine derivatives of formula (I) and their salts and hydrates are new. 

Rl = alkyi; R2, R3 = independently CN or alkyl; R4 = COORl . CN or 2-oxa-5-methyl-imidazol-3-yl. 

R5 = H, halo, OH, alkyl, alkenyloxy or alkoxy; B = NH, NRl. O or a bond; n = 2-5. 

Z = optionally substituted and unsaturated N-piperidinyl. 

Several compounds are specifically claimed e.g. l,4-dihydro-[3-[[[[3-[4-(3-methoxyphenyl>l- 
piperidinyl]propyI]amino]carbonyl]amino]phenyl]-2,6-dimethyl-3,5-pyridinedicarboxylic acid dimethylester (la) 
(example 50). 
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